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here's the 
really new 





Cleveland Worm 
and Gear 


SPEED 
REDUCER 


It was Designed to Provide: High Horsepower in a Smaller 
Unit * Centrifugally Cast Bronze Gears * Alloy Steel 
Worms Heat Treated By An Exclusive Process for Carrying 
Higher Loads * Fan Cooling for More Efficient Operation * 
Maximum Overhung Load-Carrying Capacity * Ribbed 
Housing for Maximum Strength and Heat Dissipation * 
Modern, Streamlined Design to Enhance Your Machine's 
Appearance. 


Cleveland’s new speed reducer line meets AGMA Standard 440.03 
— which permits higher horsepower and torque ratings — pro- 
vides you speed reduction at savings of 50% or more on cost per 
horsepower. All this, with no deviation from Cleveland’s stand- 
ards of quality and dependability. 

Remember, this strikingly new line of fan-cooled reducers — 
now available from one to forty horsepower — incorporates all 
the design knowledge gained by Cleveland’s engineers over the 
past 47 years — plus all the advantages of modern metallurgical 
techniques and advanced manufacturing processes. Consult your 
Cleveland Representative for the complete story on this new speed 
reducer — or write us direct for Bulletin No. 405. It details input 
horsepower and output torque ratings, service factors, application 
and load classifications, as well as general over-all dimensions. 


The Cleveland Worm & Gear Company, 3279 East 80th Street, 


Cleveland 4, Ohio. 
A subsidiary of 
Eaton Manufacturing Company ® 


Check these new exclusive Cleveland 


Cleveland's Worm's, heat-treated 
by an exclusive process, possess 
a high degree of hardness 
throughout their entire thread 
thickness — and well below the 
worm’s root diameter. This gives 
maximum thread strength and 
resistance to wear without los- 
ing the advantage of a tough 
core of medium hardness, 


Centrifugal cast bronze rims 
have a greater density and a 
higher hardness, giving increased 
resistance to wear and fatigue 
pitting. They are centrifugally 
cast integral with cast iron cen- 
ters on 6” and smaller sizes. 
This permits strong mechanical 
keying of the two parts — with- 
out dependence on actual sur- 
face bond. Gear shaft extension 

diameters are especially 

large to permit greatly 


features 


SS 
WN increased overhung load 
\y S capacity. 
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‘2 


Worm and gear shaft bearings 
are Timken taper roller type, 
providing adequate thrust and 
radial capacity. Worm bearings 
are mounted directly in the 
housing bore for greater rigidity. 


Affiliate: The Farval Corporation 
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FEATURED: 


DEPARTMENTS TWINWORM—THE SELF-LOCKING GEAR .. . N Chironis, associate editor 
An Israeli engineer combines 2 worm-screws in this innovation. 
INTERESTING TO NOTE 


COMING NEXT WEEK 
DEVELOPMENTS TO WATCH 
WHAT'S NEW IN RESEARCH 


FROM WASHINGTON 
THE ENGINEERING WEEK 7 STEPS TO BETTER ORAL REPORTING .. . E J Tangerman, editor 
Second in the series—how to organize your talk 


BEST HI-TEMP SPRING MATERIALS .. . V A Stanton, National-Standard Co 
Alloys that relax least when temperature goes up 


POINTS OF VIEW 

READER TO EDITOR 
COMING EVENTS FUNGI ARE YOUR PRODUCT PROBLEM .. . A R Gardner, associate editor 

FY! PERSONAL A roundup on the damage they do, and how design can cope with them 

HORIZONS 

PRODUCT DESIGNS 

SIGNIFICANT COMPONENTS 

DESIGN LITERATURE 

CURRENT REPRINTS 


ADVERTISERS INDEX HOW TO MEASURE MOMENT OF INERTIA .. . B Brenner, Ampex Corp 
READER SERVICE CARDS 8 simple ways to get accurate answers for complex shapes 


MODERN FLUIDS FOR POWER & CONTROL... F Yeaple, associate editor 
Guide to choosing and using the right one among many candidates. 





FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


MATERIALS: New Supply of protactinium to be shared with Americans 
Russians develop fiber that transmits ionizing particles 
More indium at less cost being produced in US and Canada 


MECHANICAL: Russian dual carburetor cuts fuel consumption by 20% 
Helical pump handles wide range of materials. 
Miniature Va-turn fasteners save weight and space 


ELECTRICAL: Thermocouples for 1800-2300 F made from semiconductors 
Home appliance design—what the next ten years will bring... 
Printed-circuit layouts sped by three-step method 


PROCESSES: Versatile electrical furnace is developed in England 
Cotton fibers strengthened by electrical-glow discharge 


PRODUCT DESIGN: Dual diaphragm eliminates float mechanism for fuel supply 
Interchangeable parts breed family of Army vehicles. . 
New Hungarian plow needs less tractive power... . 


GENERAL: Models cut cost of studying heat transfer in nuclear reactors 
Demand surges for engineers but quality counts... 
Patent searching to be speeded by computer. ... 
Congress to attack administration defense policies. ...... 
Martin's troublesome missile: candid countdown on Titan 
Engineers spurn low pay of government jobs. 
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G.S. makes all types 
of Small Gearing with 
custom precision in pro- 
duction quantities — at 
production prices — for 


Appliances - Electrical Motors - Computers - Missiles - and all critical requirements 


FRACTIONAL W 
a IG 








Specialties, Inc. 


MEDILL AVENUE 
CHICAGO 47, ILLINOIS 


2635 WEST 





w 
SPURS © SPIRALS * HELICALS * BEVELS © INTERNALS 
WORM GEARING * RACKS * THREAD GRINDING 


WORLD'S LARGEST EXCLUSIVE MANUFACTURERS 
OF FRACTIONAL HORSEPOWER GEARING 


] 
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Have you been penalizing yourself with short-run production — at short- 
run high cost — to get the custom precision you require for an especially 
difficult, especially complex power transmission problem? Then G.S. has 
a lot to offer you 


know that G.S. does much more than just “make 


Gears,” a long list of leaders in a dozen major industries — and hundreds 


Because they 


of smaller but mighty important producers of quality units — have for 
many years depended on G.S. ability, G.S. experience and G.S. perform- 
ance to supply all or the major part of their Small and Intermediate Gear- 
ing requirements. 


If you need Small or Intermediate Gears of any type, made to meet 
high-precision specs, G.S. can do more for you, too — whether it’s a mat- 
ter of developing better methods of power transmission for new projects, 
or improving performance and costs on old ones. Our engineers are at 
your service — call or write us today 


SEND FOR G:.S. illustrated folder! See where and how we mass-manufacture 
Small Gearing to uniformly fine tolerances. Folder contains 23 pictures of 
Small Gears, plant view, as well as Diametral and Circular Pitch Tables. 
Ask for your copy on company stationery, please! 


F3 Yass of cfpecalying in Small Gearing! 
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Models Guide 
Reactor Design 


To run a nuclear power 
reactor economically you 
must keep the heat-trans 
fer rates just below those 
that would cause burnout 
This calls for accurate pre 
dictions of local flow rates 
throughout the core under 
all operating conditions. 
Mathematical solutions to 
the three-dimensional flow 
problems involved are not 
accurate enough to allow 
sufficiently small safety factors, so experimental study is 
often justified 

It is common practice to make a comprehensive model 
study of flow in a reactor to measure distribution of flow 
among the hundreds of parallel paths within the core. The 
same model allows study of pressure drops throughout 
the reactor, velocities influencing heat transfer to struc 
tural parts, and mixing of coolant between inlets and the 
core. Such studies are carried out in scale models dupli 
ating all essential internal features of the reactor 

Any undesirable flow conditions found in the original 
design can be easily corrected in the model, and the modi 
fied model used as a basis for prototype design. 

Our cover shows a quarter-scale model of a nuclear 
reactor set up for air-flow studies at Battelle Memorial 
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Institute. It is being studied under the Experimental Gas 
Cooled Reactor design program being carried out by 
Kaiser engineers for the Atomic Energy Commission. The 
model is 5 ft dia, 12 ft high, constructed of fiberglass 
reinforced epoxy resin. The aluminum core contains 248 
simulated fuel elements, each with a flow-measuring orifice 
Air from a 275-hp blower system enters two inlets at 
bottom of the model, and leaves through outlets at the 
top. Pressures at 700 locations in the model are measured 
on a large manometer panel in the background. Accuracy 


of flow measurements is held to within 0.3‘ 


Tanks for the Jeeps 


One of the most useful machines to come out of World 
War II was the multipurpose “Jeep Since entering 
civilian life under the trademarked name, Jeep, this ver 
satile, 4-ton vehicle has been put to work throughout the 
world. And now that so many of its components are inter 
changeable see p 48), todav’s Army jeep should pro 
even more useful 

Any GI who went through the war can contribute in- 
teresting anecdotes relating to the jeep. However, one of 
the most daring and strategically important accomplish 
ments took place at El Alamein during the crucial battle 
for Egypt. Generals Montgomery and Rommel were bat 
thing on even terms. Montgomery needed a diversionary 
maneuver to throw Rommel off balance, making him vul 
nerable for concentrated attack. One evening a caravan of 
jeeps left Monty’s camp and headed into the desert. With 
only darkness to protect them the jeeps swept a wide arc 
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far behind the German lines. They concealed themselves 
on a strategic hilltop awaiting a convoy of Nazi gasoline 
trucks coming up to refuel the German Mark IV tanks 
engaged at the front. When the convoy arrived, the jeeps 
sped down, firing incendiaries. Within a matter of sec 
onds, the jeeps were speeding back home, leaving an in 
ferno of shattered trucks behind. When the tanks met 
for then 
seared sand. Without enough petrol to escape, man 


refueling rendezvous they found nothing but 


tanks were captured and the “Desert Fox” met a most 


severe setback 


Robert E Lee and the Rotting Railroad 


When General Robert E Lee was making one of his 
heroic stands below Fredericksburg he ran into a most sen 
ous problem. Badly needed supplies from Georgia and th« 
Carolinas were being delayed because of train derailments 

ties under the railroad tracks had rotted. It wasn't 
learned until many years later that a wood fungus prevalent 
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in humia climates had caused those ties to rot. This wasn't 
the South’s first trouble with fungi. Half a century earlier 
Thomas Jefferson had spoken out against wooden buildings 
in Virginia because they rotted too fast, and quickly 
became eyesores. With all his scientific insight, Jefferson 
couldn’t link wood rot with fungus, but he did see that 


in a Southern climate, wood structures didn’t fare wel 


Farmers in the Midwest have had troubles too. The 
learned years ago that mold-producing fungi did a lot 
more damage to their stored grain then rodents. ‘The 
modern farmer has learned to control rats and insect 
but the problem of mold, sometimes several feet thick, ha 
still to be conquered. 

It is now recognized that many other substances ar 
attacked by fungi—electrical insulation, metal, even glas 
I'he article on page 52 provides some pointers on design 


ing products to avoid fungi corrosion 


—Benedict A Leerburger Jr 
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Elementary physics, you'll say, but it stopped us cold 
"he story goes that a truck driver was climbing a steep 
incline with an overloaded truck. To make the grade he 
reached out, every mile or so, and beat on the side of the 
truck with a big stick. He insisted this made all the differ 
ence since he was carrying a load of pigeons and he had 
to keep a good number of them in the air. They tried this 
one on us in college physics: Put a bottle on a scale. A bec 
flies into the bottle. When does the bee’s weight register? 
Does capping the bottle make any difference? 


Our statistics department just received a publication 
called The World’s Telephones and extracted the follow 
ing data. The US had 66,645,000 telephones in use on 
Jan 1, 1959. This is more than half the world total (124 
800,000). We used our phones for over 82 billion conver 
sations during 1958. This averages almost 7 uses per da 


per phone (two phones for each conversation Did you 


do your share? 








Engineer Effectiveness 


and improve effectiveness. 


7 Ways to Limit Shaft Rotation 


of these mechanisms. 








NEXT WEEK IN PRODUCT ENGINEERING 


Short-run Blanking by Rubber Die Process 
Economical method turns thin sheetmetal into complex shapes; gives runs 
of up to 500 parts—or models for developmental work. 


Damping Tapes for Vibration Control 
Inexpensive, reliable and lightweight way to dissipate excess vibratory energy. 


Measuring Cyclic Speed Variations 
Six methods, including new one offering high accuracy, relative simplicity. 


Can we get more engineering per engineer? Article shows how to measure 


Traveling nuts, clutch plates, gear fingers and pinned members are the bases 


Measuring Duty Cycle of Energized Ac Winding 
This new development makes possible the determination of winding tempera- 
tures while operation of windings under actual load condition is taking place. 
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| | \ | | | AND PRECISION BEARINGS 


MINIATURE © 
BALL BEARINGS 


For measuring elapsed time accurately 

to within .001 of a second per operation, 
The Standard Electric Time Company 
manufactures precision electric timers 
which “split the split second’. These 
timers are used in laboratory, testing, and 
production work wherever close timing 

is a requisite. Thousands are in use 
whenever research and development work 


must be accurately timed. 


Dial ay d case } ave been re moved to demonstrate. 


Heart-shaped cams are at- 
tached to both hands of 
the timer. Miniature Heim 
Ball Bearings act as cam 
drivers, or friction-free 
rollers, to reset the time) 
after each use 


Unibal Ball Bearings Now Available in Miniature Sizes. 


The simplified construction of the Shown above are bearings with 
Heim Ball Bearing permits its as- flush races, bearings with ex- 
sembly with just the inner and tended inner races for clevis 
outer races and a full complement mounting. The two reset arms, as 
of balls. Insertion grooves, re- used by Standard, indicate the 
tainer rings, and spacers are method of mounting the bearings. 
eliminated. 


THE HEIM COMPANY 


a ee ee ee oe oe Oe ec ae 2 oe. ae” oe ae ee 


Save money on your ball bearing requirements with Heim Unibal. 


HEIM BEARINGS ARE SOLD BY THE MOST RESPONSIBLE BEARING DISTRIBUTORS IN THE U.S. AND CANADA 
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THE 


#9000 CASTELL Pencil with 
world's finest natural graphite that 
tests ovt ot more than 99% pure 
carbon, Exclusive microlette mills 
process this superb graphite into a 
drawing lead that lays down graph- 
ite-saturated non-feathering lines 
of intense opacity for cleaner, 
more durable originals and clearer, 
sharper prints. Extra strong lead 
takes needlepoint sharpness with- 
out breaking or splintering. Smooth, 
100% grit-free consistently uniform 
pencil after pencil, in full range, 
8B to 10H. 


#9007 casTELL Pencil with Eraser. 


HAND THAT SHAPES THE FUTURE 


cel 


#9B800SG CASTELL LOCKTITE 
TEL-A-GRADE Holder, perfectly bal- 
anced, lightweight, with new no- 
slip functional grip that lightens 
finger pressure without slipping, 
and relieves finger fatigue. Unique 
degree lead indicating device. 


#9030 CASTELL Refill Lead, 
matching exactly #9000 pencil in 
quality and grading, degrees 7B 
to 10H, packed in reusable plastic 
tube with gold cap. 


Many other styles and colors of 
CASTELL Pencils, Holders and Refill 
Leads. 


CASTELL Pencils and Leads draw perfectly on 


all surfaces, including Mylar-based Polyester 
drafting films. Give graphite- saturated 


lines, easy fo erase — excellent reproduction. 


CRSTECLL 
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THIS IS JUST A 
SMALL PORTION OF 
CASTELL PENCILS... 


This is just a small portion of CASTELL pencils 
that one Creative Man will consume during 

his career. To be specific, a typical engineer, 
architect, designer or draftstnan will consume 

a minimum of 3,096 CasTELLs. From the combined 
excellence of the Creative Man and the world’s 
finest drawing pencil will evolve an exciting 

new tomorrow for mankind. 


It is not known how many holders and leads 
aman will use. But it is certain that top 

creative men will insist on the quality of CASTELL 
LocktTiTe SG Te.-A-Grape 9800 and 

imported CasTe.t 9030 Refill Leads. 


Backed by nearly 200 years of uninterrupted 
manufacturing experience—since 1761. 


A.W.FABER-CASTELL 


41-47 Dickerson Street, Newark 3, N. J. 


AW FABER CASTECLCL ORaAwine REFILL LEAD 
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More indium at lower cost... 


is coming from both US and Canadian suppliers. ‘That 
means new opportunities to use this low-melting (313 F), 
corrosion-resistant metal as a coating for bearings and 
other mechanical parts as well as m semiconductors (ther 
mistors, transistors, and photoconductors), oxide-film 
sistors and rectifiers, and electrical-contact alloys. 
Indium metal is far from cheap. Base price for the 


“ordinary” grade (99.9% pure) is $2.25/troy oz and elec 


tronic grade (99.999 pure $3.55. But new sup; 
like High Purity Metals Inc (Accurate Specialties Co sub 
sidiary) are entering the field; and ultrahigh purity metal is 
now available from at least one supplier (Consolidated 
Mining & Smelting Co of Canada Ltd) at prices about 
: $14.50 to S16 
trov oz, and this material com in 1l0-oz bar ealed in 


30% below previous cost. Present range 


irgon in polyethylene | 


Plastics and lubricants with improved thermal stability 


are promised by two new chemical compounds now 
going into commercial production at DuPont’s Repauno 
Works. The compounds themselves, known as PMA and 
PMDA, are only intermediates useful mainly in making 


other materials; but DuPont thinks enough of their com 


Thermocouples for the 1800 to 2300-F range 


can be made with semiconductor-type materia 


Ukranian researchers report 


lhev've been testing such combinations as molyvbdenw 
disilicide and boron carbide, and say they've developed 
thermal emf’s in the range of 40 microvolts/ degree 
four times higher than that of platinum/platinum-thodium 
couples 

In one design, the molybdenum disilicide forms the 
uter shell, while the core is boron carbide. The two ar 
welded at one end to form a rounded tip, and wires a1 


connected (one to each material) at the other 


Power requirements are reduced . . . 


by a new arrangement of wheels and rollers in the 

Szabo farm plow, its Hungarian designers claim. They say 
it incorporates an “entirely new principle” of operation 
that substantially reduces the tractive power needed 

\s the photo shows, the plow has a wheel that rides on 
the side of the furrow, and conical rollers to guide, turn 
and mix the soil 

Che wheel, the Hungarians claim, transforms sliding 
friction of the soil into rolling friction. The rollers, which 
replace the conventional mold board, also help convert the 
sliding friction into rolling friction, again reducing tractive 
power requirements 

Other advantages claimed include better dispersion of 
the soil and a smoother surface which prevents excessive 
loss of moisture 


Roller-type farm plow is said to improve plowing action 
as well as reduce power requirements. Closeup here shows 
wheel and roller. 
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DEVELOPMENTS TO WATCH... 











In home-appliance design, the next 10 years will see 


miniaturized mechanical components providing more 
usable space in refrigerators, freezers and similar units; 
better insulation, and improved shelf arrangement, say 
B. A. Chapman, executive vice-president of Kelvinator. 
But, in Chapman’s view, the super-duper “electronic 
kitchen-of-tomorrow”’ is not likely to appear in the average 
home at any time in the near future. Even electronic 
cooking units are likely to remain in the luxury class 
for at least the next decade. 
For the present, range improvements will be small (but 


An analog system for analysis of structures 


subjected to shock and vibratory loads is being devel 
yped at Naval Research Lab. It’s based on mechanical im 
pedance which, NRL researchers say, is a direct analog of 
electrical impedance 


\ report on the first phase of the work, defining the 


Better electrical steels are needed . . 


for rotor and stator cores, the Navy says. Tests of open 


submersible motors (PE—J]une 8, p 45) under intermittent 


ind continuous operation show insulation performs admit 


ibly and bearings present only minor operating difficulties 
But the electrical sheet steels used for rotor and stator 
cores are far from satisfactory. 


Corrosion is the most serious problem. A study of avail 


important) ones aimed at greater ease ol cleaning and 
simplified maintenance. 

As to thermoelectric 
“Whether this 90-year-old principle can find application 
on a consumer level in the next 10 years depends on 


He is 


refrigeration, Chapman says 


the progress of research programs now underway.” 
optimistic; but is not making any promises 

The same is true of ultrasonic cleaning. Progress wiil 
be made—but how much depends on today’s research 


programs 


system and presenting electrical 
which seem especially applicable to mechanical systems, 
is being prepared by R. O. Belsheim and J. W. Young Jr 
of NRL and is to be made available through OTS, Dept 


¥ Commerce, Washington 25, DC as PB 161022 


. 
reference circuit theorems 


ible materials, says Nav 


of those tested 


; Bureau of Ships, indicat 
suitable for use in thi 
motor 

Though the hunt for 


Bureau's current research program concentrates on de velop 
D mecwie Shes 


better steels is continu 


ing a protective coating fo1 the cores that w 


required protection 


Physical properties of fibers can be changed .. . 


by electrical glow-discharge treatments, say USDA 
esearchers. The glow stiffens the fibers somewhat and 
seems to roughen their surface, but it also increases their 
strength by as much as 20% 


Fuel consumption is reduced 20% 


by a dual-carburetor system developed in Russia, says 

a Czech weekly. Original aim was an engine for cold 
climates where diesels are hard to start—and the new 
design is said to “exceed even the diesel in economy.” 
l'o the regular carburetor it adds a second one with its 
own manifold and intake valve. This secondary, fitted 
to the cylinder head, is modified to form a preignition 
chamber, similar to that of a diesel engine. As the dia 
gram shows, the sparkplug is located near the intake valve 
of the secondary carburetor, which carries a rich mixture 
Ihe primary carburetor is adjusted to carry a lean mixture 
too lean for direct ignition by the sparkplug, but set off 
in the main chamber by the rich mixture ARG 


Dual carburetors and new preignition chambers are said to 
be keys to savings with this Soviet engine 


lor the 
filled tubes through which a weak electrical current (10 to 
50 ma at 1000 vy) is fed ra 


explore the effects and their « 


_ 


tests primarily on cotton—USDA is using ga 


1 
l'ests are continuing further! 





Intake valve tor 
Connecting secondary carburetor 
rod 


Spark plug 
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WHAT'S HAPPENING IN RESEARCH... 


Better instruments 
needed 


If you've found the “best” 
transducer 


pressur 
environmental _ testers, 
timers, and high-temperature measut 
ing systems none too good, you are not 
ilone. Instruments rate high on the 
National Council lists of 
needed inventions (PI 20°5 


Apr 20 SYo D 
52; Nov 2°59, p 43 


; 
most 


Inventors 


ind among the 


needed art ich broadly useful 
ce vices as 
e An 


time 


] , 
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timer to 
interva mIcrose 


second to 


. im acc 
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temperature-measuring device 


urately determining transla 


ot gases oI pl 

K to 20.000 K 
@ Pressure transducers for the 1 
with 


preferabl re 


mperature ismas 


in the region 500 
ing¢ 


to 1000 mb in electrical 


output sistance) which 


employs no moving parts such as dia 
phragn linkages nor liquids (hyp 


The NIC i ilso looking f I 


transducers capabl f operating 


somete! 
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atom light 
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elements, | 

of the United 
Energy Authority 


share it with u 


world’s rarest 


International Commit hands 


recommendations on pr mic 


fixes for big and small numbers 
have now been officially adopted radioactive metal 
by the National 

Standards. Here, for 


erence, is a rundowt 


number 


Bure iu } Penodi symbol 


read\ irce that there are 


lance 


ibunc 
dificult to 


that 1 ivailable 


ngures on im 


’ 
xceeding! 


Prefix 
T tera 
giga 
mega 
kilo 
hecto 
deka 
deci 
centi 


Number 
10 
10 


Symbol 


the small 


IT 


quantity 
ores in which it 
} 


om the ur 
I'he 


nium 
10 British 
10 new separation process that has 


a it possible to obtain about 
10 
10 
10 
10 
10 
10 


found however, have 


maadt¢ 
100 gm 
t ind a start can be 


he metal 


utlining its pr 


So little of this metal has beer 


rated until now that data on 


yperhies 
milli 
micro 
nano 
pico 


find and ofter 











pt _ 


In this 


fiber bundle abuts 


. pelrwet 
ipplicatior ' 
directly 
S 


the 
only those 
hich 


particular intalum 


ampliher; and, say 


rcher heran 
scarcner;s, CCA USC 


scintillate through w 
the 


ded 


particle a path of the pa 


ticles can with consider 


reel n Three dimen Onl 
termination made 


of hbe 


in even De 


using alternating bundk 


g 
perpendicular to each othe: 
One important point 
plastic and it processing are 
obtaining good 


The So 


important u 


tion viets are using ; 


stvrene resin containing 1% tet 


phenylbutadiene, and polymerizing 


rapidly as possible 


I 





Flexible heat from Britain 
Tailor-made-furnace, designed in Eng 
land, features flexible blanket of cera 
mic (95% alumina) beads that can be 
applied to radii small as inch 
and will stand to 450 
are interlaced with nickel-alloy resist 
ance wire which is the heat source. Toy 
operating temperature is 1832 F. Nom 
inal-rating per in.. Electro- 
thermal Engineering Ltd, 270 Neville 
Road, makes it 


as one 


loads psi. Beads 


is 25w sq 


London 7, 
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AN UNBEATABLE 


DURA-SEAL the engineered 
GRAPHITAR’. . . the versatile 


(CARBON-GRAPHITE) 


Dura-Seal, the best known and most widely used rotary mechanical shaft seal, has been 
designed and engineered in combination with a GRAPHITAR insert to meet nearly 
every industrial demand for sealing corrosive, volatile or abrasive fluids under a wide 
range of speeds, pressures and temperatures. GRAPHITAR'’s characteristics of corrosion 
resistance, chemical inertness, heat resistance and ability to operate in the presence of 
abrasive fluids make it the ideal engineering material in thousands of seal applications. 


GRAPHITAR is being used successfully not only in seals, but in such diverse applications 
as packing rings, clutch release bearings, fluid coupling seals, piston rings, sump pump 
bearings and more recently, in the nuclear and rocket-missile field as moderators, reflec- 
tors, fuel jackets, vanes and motor linings. 


GRAPHITAR can be utilized to advantage in almost every industry. Perhaps you can 
put GRAPHITAR ... the versatile engineering material ... to work for you. 


THE UNITED STATES 


GRAPHITAR® carson-crapuire * GRAMIX® powner metauurcy © MEXICAN crapmire propucts * USG” srusnes 
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COMBINATION! 


mechanical seal with 


engineering material 


GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 1, MICHIGAN 
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MODERN 
DROP-THROUGH 
METHOD 
SPEEDS 
DIE-CASTING 
PRODUCTION 


Brown-Lipe-Chapin eliminates 
manual handling with mechanical 


ejection of hot die castings. 


Here’s a typical example of how Brown- 
Lipe-Chapin engineers put quality into 


your die cast parts. 


After the die casting cycle, castings are 
ejected automatically into a quench, where 
a conveyor takes them to the trim press. 
This modern method of die casting allows 
1 Maximum operating rate and boosts the 
over-all production rate by 50%. Also, 
casting uniformity is assured because the 


‘le time is constant and unaffected by 


cy 


operator fatigue or other human factors. 


This is just one of the many outstanding 
features of Brown-Lipe-Chapin die casting 
facilities that can help make your product 
better and to more rigid quality standards. 


Under the same roof are facilities for 
metal stamping, anodizing, electroplating, 
buffing and polishing, precision painting, 
plus complete engineering service. And two 
Brown-Lipe-Chapin plants, strategically 
located in Elyria, Ohio and Syracuse, New 
York, offer the same complete facilities. 
For further information, call or write 


Brown-Lipe-Chapin, Syracuse, New York. 


SS €£ Pw A..F et 8. & 
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FROM WASHINGTON... 


Watch for Congress to attack the Administration’s defense policies 


Politics will be the prime reason. As the election year shapes up, Desnocrats are 
secking campaign issues to hammer at the Eisenhower Administrat.ca. And the 
party leaders see defense and space as fertile fields to exploit 

US lag in space exploration will be blasted by both House and Senate commuit- 
tees. The congressional critics have two main objectives: stronger centralized 
control over the military and space programs, and a big boost in spending on the 
total effort. Failure of the US to make any spectacular achievements in space 
efforts during the past year makes the program ripe for attack 


The Administration will likely hold congressional efforts to boost spending on 
space programs to only token amounts. But the legislators may push through 
more unified controls. ‘The recent hassle over building engines with million-pound 
plus thrust makes a good arguing point for better coordination between the defense 
and civilian space administration 


Congress will drive for stronger military unification—possibly even a merger 
of the three services. The Administration will fight this hard, however. Such 
issues as better military procurement policies, with small business getting a bigger 
chunk of the defense dollar, will be pushed. A hot issue for years, it is always 
revived during election vears. Profit allowances, contracting practic nd 


i 


renegotiation system will be played up 


Individual military leaders will get congressional encouragement to air theit 
gripes against present policies. ‘This is one of the few times the military can speak 
out openly without being accused of bolting the team. It is a politically fertile 
held that Congress won't pass up. Few basic changes, however, are expected to 
be legislated. 


Don’t look for any major relaxing of trade barriers with the Soviets 


Although the US recently okayed the $30-million sale of a textile sp 


weaving plant, a change in policy is not ummmnent 


Strategic items and advanced technological processes and patents will still be 
denied export to Russia. In fact, the textile plant, sold by Intertex International! 
Inc, doesn’t include the latest technological developments in this field 


Government crackdown on packaging industry possible 


A government crackdown on the packaging industry may bar many commonly 
used materials for packaging food. In 1958, the Food Additives Amendment 
gave the packaging industry until March 5, 1960 to prove that chemicals used in 
its products don’t harm food. The industry is now plugging for a blanket one-year 
extension on grounds that it hasn’t had time to perform the necessary laboratory 
tests. Secy. of Health, Education and Welfare Arthur S. Flemming, however, 
is reportedly cool to the idea, will likely make individual company extensions 
instead. 


Products that are in most danger of being yanked off the market include types 
of paper ‘and plastic wrappings. Sulfides, defoamers and chemicals used to keep 
paper-making equipment clean find their way into the product and possibly into 
the food. Many of these wrappings have not been extensively tested as yet and 
may be barred from use until tests are completed. 
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It can if it’s made by gsm —be- 
cause all S&S bearings, both 
ball and roller, offer special quali- 
ties at “production” bearing 
prices. 


Take the single-row deep-groove 
ball bearing featured here, as an 
example. S&S designs and builds 
this type to sustain heavy radial 
load and thrust load in either di- 
rection. Furthermore, it is engi- 
neered to run smoothly and 
quietly at normal speeds with 
grease lubrication—and at high 
speeds with oil. 


Can a standard bearing Yet this is a standard @0¢9 ball 


bearing, mass-produced by auto- 
» mated production equipment at 


offer you “more bearing” our plant at Altoona, Pa. You 


can quickly get this bearing in 


over 100 sizes, ranging from 54 


for your money’? to 15.748” O.D.. and ina variety 


of seal, shield and snap-ring 
combinations. 


But why not find out what Sr 
offers in bearing quality, availa- 
bility and economy? Just call the 
0s branch office nearest you. 


a Angular 
: : Contact Bearing 
— 
\ : Tyson* Tapered 


Roller Bearing 


Cylindrical 
Roller Bearing 


Spherical! Roller 
Thrust Bearing 


Spherical 
Roller Bearing 


SKF. 


(OUSTHIES INC Pr AOL PRA 
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Cape CANAVERAL, Fia.—lIt’s a dra 
matic switch—like a football coach 
replacing the quarterback—when a 
corporation sends its board chairman 
in to take personal charge of a big but 
faltering engineering program. 

Such was the move that has placed 
George M 


board of The Martin Co, in complete 


Bunker, chairman of the 


and direct control of the company’s 
Titan missile program. And it indi 
Titan 
ICBM have been more procedural 


cates that problems with the 


than of the faulty-engineering type 
Strengthening this explanation for 
Martin’s move is a close look at the 
Titan failures to date 

The record shows 15 of these mis 
siles, which were intended to surpass 
Atlas, have 
gone through three series of firings, 
with one more to go. Of the 15, only 
4 were successful 


the present operational 


Missile experts point out that all 
the static firings went off okay—one 
more indication the Martin’s engineer 
that most 
of the grief has come from need for 
tighter 


ing has no basic flaws 
procedural control This is 
believed to be the reason why 
Bunker’s taking over full charge co 
incides with the decision to coordinate 
all Titan engineering and production 
at Denver 

Here’s the scoreboard for the six 
firings in series A, seven in series B, 
and two in series C. 
eAl—OK. Static 

checkout; 


missile for stand 
showed no _ basic 
engineering flaw 

Goof 
the second stage. 

OK. Required rework at Mar 
tin’s Denver facility before 
flight but first-stage successfully 
fired 

OK. After 
first-stage firing. 

OK. Successful first-stage firing 
OK. Successful first-stage firing 
after rework by Martin. 

Goof. Static missile damaged 
when sling broke in Denver. 
Goof. First stage blew up when 
Lox tank ruptured—caused by 
not following procedure (filling 


Erector tower pulled off 


rework, successful 
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tank too rapidly 

Failed. Blew up at Canaveral 
when sequencer signaled cutoff 
of engines after premature lift 
off had begun 

Goof 
tore loose, putting hole in first 


Helium line at Canaveral 


stage. 

Goof. Helium sphere tore loos 
in tank at Denver 
put hole in second stage 


Coot 


support leg 


Failure to open valve in 
uirlift 
resulted in pressure differential 
and cracked tank 

| uilure 


the Denver-Canaveral 


Loading of Lox into 
cool tank at Canaveral resulted 
in negative 
tank to 


his yndition never encoun 


pressure, ising 


“suck-in” and crack 
tered before. Later duplicated 
in Denver and the informatio 
disseminated to industry 

OK. Staticfired in Denv 
Now in use for tests on destruct 
package 

Failure. Blew up at Cape (¢ 
naveral Dec 12 °59 when de 
struct inadvertanth 


package 


exploded. Unknown whethe 
this was due to severe shaking 
in pre launch, engine Tun up 
phase or if signal set off ex 
plosion. There has been critic 
ism that Martin is overloading 
the Titan with safety 
equipment which may be caus 
ing failures by improper fun 


extra 


tioning 
And that’s the record according to 
reliable sources. 


RIVALS HAD PROBLEMS TOO 

The aims of Titan, according to 
the Pentagon, are for an ICBM that 
will go further and faster than the 
present operational Atlas. The Atlas 
is rated at 7000-mi range and speeds 
of 16,000 mph. The Titan is geared 
for 9000 mi and speeds in excess of 
17,000 mph 

The reasoning behind this is that 
faster reentry lessens the chance of 
countermeasures by the enemy. On 
the drawing board is a super-Titan 
capable of placing a thermonuclear 


warhead a distance of 10,000 mi. This 
is presently the ultimate milivary 
quirement for an [CBM 

Unlike the problems faced by Con 
uir's Atlas throughout the middle of 
Aircraft’s Thor 
Martin is 
problem here, a difficulty there 


| 
Atlas and Convair went thro 


ind Douglas 


i irlicr faced with 


1 period of five straight failures 

Aug 31 °59 p 20 But telemetry 
each time pinpointed the cause and 
area with more certainty than th« 
preceding failure A new valve was 


has 


designed and tested, and Atlas 
cored 14 successful flight tests 


Douglas Dederer 


Scientist Sounds Call 
for Women in Labs 


CHICAGO 


At a time when the extent 
and quality of our scientific manpower 
resources are critically important, we 
are failing to exploit the potentials of 
scientific research and 
teaching. This warning by Dr Alan 1 
Waterman of the National Science 
Foundation was given to the annual 
convention of the American Associa 
tion for the Advancement of Science 
Although more girls than boys 


women fo! 


both numerically and proportionat *ly 


15 
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are graduated from high school, he 


said, fewer go on to college. He 
offered figures showing that the loss 
is particularly acute among high-ability 
girls. Less than half the upper 30% 
of able girls continue their educations 
And as 


the education process continues into 
levels, the rate of attrition 


compared with 60% of boys. 


graduate 
grows steadily 
Dr Waterman 
ited 
three 
social and cultural attitudes; discrimi 


the lim 


science to 


attributed 
number of women in 


interrelated causes: prevailing 
natory hiring practices; the difficulties 
of combining career with home. 

In our society, he suggested, boys 
are expected to display mechanical 
interests; 


interest in domestic 


l'oo often, natural curosities are 


girls, 
arts 
repressed first at home and later in 
elementary school. In highschool, he 


m ike 


young women more aware of opportu 


urged, career advisors should 


nities in science and in college of 
assistance available through 
fellowships such as those offered by 
NSI 

“We ire 


] 
evoiving 


graduate 


still in the midst of an 


social which 


their 


pattern in 
assert 
rights,”” Dr Waterman declared 
“It is only a matter of time 
women come into their own in scienc¢ 


women are striving to 


until 


as well as other fields. Science, itself, 


freely acknowledges women’s ability 


to do so. It finds no inherent differ- 
ences between intellectual capabilities 
of men and women.” 

Many women have achieved distinc- 
tion in science in spite of obstacles, 
Dr Waterman concluded: “It should 
that whenever 


be fairly clear by now 


fixed their 
their minds to 
achieving it, no barriers can hold out 


women have firmly eyes 


on a goal and set 


for long. If women have looked upon 
the fields of science and found them 
fertile and should 
give them wholehearted support.” & 


interesting, men 


Demand Surges for Engineer Grads 
But Still No Gravy Train 


New York 


were 


I'wice aS Many engincers 


hired from graduating classes 
during 1959 as during the year before 
and the upsurge is expected to con 


Yet 


is no longer open sesame to a high 


tinue . an engineering degree 


paying job in industry. These con 


clusions are based on reports issued 


to the 
Engi 


recently by two agencies clos« 
engineer employment picture 
Joint 
Univ’s College of Engineering 


neers Council and Cornell 


BOOMING DEMAND FOR ENGINEERS 


\ surge in the demand for enginee1 
last year led to more intense recruiting 
In its annual survey of 
EJC 


number of 


by industry 
demands for found 
that net 
engineers employed 
double that of 1958. 


have been higher if 


engineers, 
increase in the 
by industry was 


And it 


technical 


would 

more 

talent had been available. 
[he opening for engineers last veat 


Ground Transport for 


Rocket Engines 
This 80-ton mobile Transre« 
tor can handle rocket-engine 


units measuring up to 35 ft 
long, 85 in. dia and weighing 
up to 80,000 Ib. The vehicle 
(basically a tractor with a 
special trailer) is a combina 
tion of hydraulically actuated 
mechanisms and electric 
hoists. Special controls en 
able it to respond instanta 
neously when positioning en- 
gines either horizontally or 
vertically in test pits for sta- 
tic firing. 


were about on par with 1956-57, the 
EJC found 
of that earlier year were not evident 


But the acute deficiencies 


except in certain weapons engineering 
that 
graduated the largest class of engineers 
1951 41% 

they did in This 
immediate 


areas. The reason was schools 


since and about more 


than 


siderably 


1955 con 
enlarged the 
supply of engineers available for em 
ployment 
Assuming continued economic 
srowth and stabilized government ex 
penditures, demand for engineers will 
rise substantially in the immedi 
itely ahead the EJC predicts. College 
1958 
and 1959. But industry now expects to 
engineers in 1960; 
1966. If 


persists, 


year 


enrollments declined both in 
need 15% more 
17% in 1963; and 21% in 
present enrollment trend 
companies will have 15 openings for 
every 10 graduates in 1966 

Last 


showed in 


year the largest deficiencies 
electrical 


R & D 


In certain industries 


aircraft, equip 


ment, electronics, and tele 
communications 
some companies reported fewer engi 
neers. These included construction, 
rubber, fabricated metals, railroads and 
consulting services 

The EJC also found increased em 
phasis last year on quality and ad 
Turnover averaged 


vanced degrees 


8.6% of total engineering employ- 
ment compared with 11% in 1957 
(PE—Nov "59, p 28). Starting 
salaries reached a new high, with a 
monthly median of $510. In electrical 
equipment and electronics, median 
was $523 and in aircraft $526 


MORE PICKINGS BUT LEANER 


An engineering degree is no longer 
a passport for college graduates to 
executive-sized jobs and salaries, ac 
cording to Donald H. Moyer, director 
of the Office of Student Personnel, 
College of Engineering, Cornell Univ 
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One reason is the intense competition 
for engineering graduates which de 
veloped during recent years caused 
many companies to train liberal-arts 
graduates to fill jobs previously held 
by engineers 

Also, Moyer says, companies have 
hired technicians to fill such positions 
Result is a selective demand for high 
quality 
1958 
Mover points out 


engineers, which began in 
This was a year of recession, 
when work slow 
downs and layoffs resulted in industry 
retaining only high calibre men 

He feels that the recent belt-tighten 
ing in employment policy by indus 
tries may result in an even mor 
competitive atmosphere at engineering 
colleges. Companies are placing mor 
and more emphasis on the quality of 
‘Again 
men in the top half of the 


training, he said 


have few if any placement problems 
student will get 


job, but it may not be exactly the job 


The below-average 
he wants, or where he wants it, anc 
he may have to take the initiative 
An alternate outlook appears, how 
ever, when evaluating our present and 


Mover Says ani 


expansion pro 


future business trends 
iccelerated economic 
gram could again shoot the demand 
sky-high, and if this 
country’s business recovery is at all 
offering 


for engineers 


above average, the lucrative 
to graduating engineers will onc« 


iain occur of 


Rocket with a Throttle 


— ~ 


Described as the world’s largest known 
variable-thrust rocket engine, this 
\erojet-General Corp liquid-fuel rocket 
is capable of giving stable operation 
from 50,000 to 150,000 Ib of thrust 


THREE STEPS COVERED BY NEW SCRIBING METHOD for 


printed-circuit layouts are (1) master outline of circuit elements 


coat or intermediate negative, and (3 
of the actual printed-circuit board 
Co’s Heavy Military Electronics Dept 
Co, Hoboken, NJ 


the final master print 


System 


preparing 
(2) the peel 
twice the size 


was developed by General Electric 


conjunction with Keuffel and Esse 


Three-step Methods Speeds 


Printed-circuit Preparation 


SYRACUSI A new method of prepa 
ing printed-circuit layouts, reported 
100% faster than conventional inking 
ind taping methods, has 

veloped by General Electric ( 
Heavy Military Electronics Dept. T) 


technique is said to eliminate opag 


peen ad 


ing, and be especially suited to 
requiring irregular shapes, long run 
and complex steps to isolate hig! 


frequency leads. 


HOW IT WORKS 


Standard circuitry is first outlin 
Then i 


photographically sensitive film is ex 


on a translucent “‘scribecoat.” 


posed to this master outline, produc 


: 
ing a line image on the emulsion 
layer of the sheet 

, 


translucent line, not the line itself 


Area between ea 


the circuit path desired 

In the developer, image lines a 
eaten away down to the “‘peclcoat 
The sheet is then wiped wit! 
cloth, furthe 


dissolving the image lines through th« 


laver. 
an alcohol-dampened 


peelcoat and down to the film bas« 
Valleys, two 
Emulsion layer of the sheet is then 


layers deep, result 


PRODUCT ENGINEERING - JANUARY 18, 1960 


minute variati 

Iths common 

nd-ink where amount 
na pen 
ind clarity 

Z The film « 


yntains grid line 


n which the 

done 
yositioning of the board el 
film, called Stabilene, wa 
by Keuffel and Esser Co 
NJ]. It is a re 


material that maintains 


developed 
Hoboken, 
tabilized, polyester-based 
constant line 
character under extreme temperature 
ind atmospheric conditions 

(3) The scribing tools, devised by 
GE engineers, are equipped with 
shock absorbers. 


inigue spring tvpe 


7 
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They maintain the same accuracy on 
curved as on straight lines, eliminating 
ragged circuit-paths. Unlike ordinary 
cribers or drawing instruments, the 
GE devices “outline” a circuit line 
[hus two extremely accurate, sepa- 
rated lines are scribed into the film to 
outline what will later be a solid line 

Use of specially formulated fluids 
permits making drawing changes dur 
ing any one of the three steps: original 
scribed layout; peelcoat negative; and 
final layout 

An additional advantage is that th« 
printed-circuit masters can be made 
in either positive or negative form, 
depending on which surface is to be 
tripped off s 


Engineers Spurn Pay 
of Government Jobs 


WASHINGTON The government's 
need for engineers, scientists and 
technicians will increase 25% by 
1963 « 1958, but the number of 
engineers and scientists who reject 
federal jobs is going up. Chairman 
Roger W. Jones of the Civil Service 
Commission told a congressional com 
mittee that the reason is lower salaries 
than industry pays 

Industry paid an average of $5600 
for BS graduates 


~ 


compared with the 
government rate of $4490 for average 
graduates and $5430 for superior 
degree-holders \ year later, June 
1959, industry average jumped to 
$5800 to $6200 while the government 
rate remained static. Jones predicted 
an industry increase in 1960 of 2 to 
4%; government increase, none con 
templated. But these trends, Jones 
said, may explain recent reports that 
the government will return to the us¢ 
of “highest step in grade” authority 
ror engineering positions. 

'o meet the recruitment problem, 
Jones urged Congress to adopt a 
revised-classification pay plan with 
strong emphasis on flexibility. A new 
pay schedule plan is under advise 
ment, it is reported, that would pro 
vide minimum and maximum salaries 
in some salary ranges. Within these 
groups, the Executive Branch could 
place employes at appropriate levels to 
reflect private competitive rates, 
geographical salary differences, in 
dividualized special ability, and higher 
tates for shortage occupations. a 


Lh 


Capsules Speed Convair 600 


Aerodynamic antishock bodies resembling upside-down canoes are attached in 
pairs to the upper surfaces of each of the swept wings of a Convair 600. Since 
the Convair 600 flies at subsonic speeds (Mach 0.91) considerable shock wave 
is built up on the wing (left) but use of the capsules smooths the airflow 
(right), eliminating shock wave and its resultant drag. The two inboard cap 
sules measure 22 ft, 10 in. long, and 40 in. at widest dia. Each holds about 300 
gal. of fuel and extends 7% ft behind wing's trailing edge. The two outboard 
capsules are 24% ft long and 51 in. across at widest dia; extends 11 ft behind 
wing's trailing edge and hold approximately 218 gal. of fuel each 


ey 


World’s Largest Air-Blower Feeds this Tunnel 


Huge propulsion wind tunnel being built at the Air Force’s Arnold Engineering 
Development Center, Tullahoma, Tenn, is powered by world’s largest rotating 
machine. Built by Westinghouse, the machine is 480 ft long, develops 216,000 
hp and is being equipped with world’s two most powerful synchronous motors, 
each rated at 83,000 hp, and two smaller “starting” motors rated at 25,000 hp 
each. The four motors are connected in tandem to drive two big compressors 
a 3-stage unit for the already operating transonic circuit, and an 18-stage unit 
for the still-incomplete supersonic circuit. Behind the grille in photo above 
are coolers through which more than 65,000 gal. per min. of cooling water will 
be pumped to absorb heat from the air in the tunnel. Compressors will drive 
air through the test section at velocities of 1000 to about 3000 mph. Project is 
under supervision of Air Force’s Research and Development Command. 
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Drive 











U.S. and Foreign Patents Applied For 


- the drive our customers asked for 


Our customers helped us design this new unit. We sent our men into the field to find out what our customers needed in 
a screw conveyor drive—then our engineers designed a new drive that offers the maximum of service, versatility, 
operating economy and long life. Here are some of its outstanding features: 


A COMPLETE DRIVE: Saves engineering and assembly time. Six sizes to cover 
entire range—each with these ratios: — 4:1, 9:1, 14:1 and 24:1. Bolts to TAPERED 
any standard trough end—eliminates trough end bearing. Eliminates drive ROLLER 


shaft wobble. Efficient FALK single helical gears. BEARINGS 
CARRY 


SEAL HOUSINGS: Choice of seals (neoprene or leather lip, felt or waste) to THRUST 
accommodate material conveyed. Space between trough seal and unit seal 
prevents conveyed material from reaching unit seal. 


REMOVABLE DRIVE SHAFT: Snap ring assembly permits easy removal. Five 
sizes, from 142" to 3%". 


TROUGH END: Con be fastened to any standard trough. Eight sizes, from 
6” to 20”. 
ALL-STEEL MOTOR MOUNT: Soves costly engineering and installation time 
and costs; no motor plates to design or fabricate. Motor can be mounted REMOVABLE DRIVE SHAFT 


in virtually any position. Pre-drilied to accommodate NEMA standard motors WITH SNAP RING ASSEMBLY 
Ya te 30 HP. 


HOUSING 


FALK is o registered trademark 
AN IMPORTANT ECONOMY: Buy only what you need—the basic reducer 
alone, or with trough end and/or motor mount. For detailed information, contact 


your Falk Representative or Distributor—or write direct for Builetin 7106. 


THE FALK CORPORATION, MILWAUKEE 1, WISCONSIN 
MANUFACTURERS OF QUALITY GEAR DRIVES AND FLEXIBLE SHAFT COUPLINGS 
Representatives and Distributors in most principal cities a g00d hame in industry 





Out-size Fork Truck 





MORE 3 : ; . 3 : . This 17-ton-capacity lift truck, devel- 


oped by R G LeTourneau Inc, is 


: cS ae a “I equipped with three wheels; electric 
S FR a ie te 38 ; . wir motors are geared to the two front 
fs z ‘ ? wheels while the rear wheel is used 


only for stability and steering. Forks 

of the “FT Stacker” are 5 ft long and 

can hoist 16 ft above ground. Truck is 

powered by a 195-hp diesel engine driv 

ing ac and de generators. LeTourneau 

engineers report that the truck can 

handle a variety of materials ranging 

mie a g from steel products to prestressed con 
crete 


a 


Computers to Speed 
Patent-searching 


Wasuincron—The tedious job of 
patent-scarching is being mechanized 
Now under test at the US Patent 
Office is a speedup method borrowed 
from the business world—a _ general- 
Whether it’s a routine control analysis of an alloy, an purpose age: computer ny? pro 
° “SSeS ata Cc: , ‘ 
environmental test of a “black box”, or a complete struc- aes e re : i _— Bo ge a ” . 
4 ; y : yunched-card machine. clals Sa 

tural and operating evaluation...whether it’s appliances 


it may accomplish in 30 minutes a 
or batteries or turbines or valves...you get more from the job that normally takes a skilled re 


integrated laboratories of United States Testing Company. searcher up to a full 24 hr. The sys 
Multi-million dollar facilities...career test engineers...a tem is being tested first on patent 
wealth of experience in your field...all these save you data covering chemical compounds 
‘ : : : that form many commonly used plas 
costly investment in laboratory equipment and give you tics 

top-quality testing and R/D services. Check your needs Engineers of the Patent Office ini- 
against the facilities and services available. tiated the system with a punched-card 
device called Interrelated Logic Ac 
cumulating Scanner (ILAS) created 
according to special needs of patent- 
searching. Engineers of DuPont's Tex- 
Send For Free Facilities Bulletin. / tile Fibers Dept Research Div then 
Vv Most adapted and expanded the Patent Of 
fice punched-card system by transcrib 
ing data from selected cards to mag 
netic tape for use on a Bendix G-15 

digital computer. 


United States Testing Co., Inc. ‘S meek dapat — — or 
omech e ne = = - 0 e 
1415 Park Avenue, Hoboken, N. J. 5 


these advantages: 


¢ Maintain a permanent record on 
BOSTON + BROWNSVILLE - DALLAS + DENVER - LOS ANGELES ; 
MEMPHIS + MEW YORK - PHILADELPHIA» PROVIDENCE - TULSA magnetic tape of the areas on in- 
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Branch Laboratories 





vention or discovery already mech 
anized; is therefore readily available 
for subsequent searches 
e While searching for specific patents, 
the computer identifies areas of in 
vention or discovery that may have 
been overlooked. For instance, in 
searching for patented chemical com 
pounds capable of performing a cer 
tain job, the machine may also be in 
structed to indicate those compounds, 
with similar characteristics, that 
might perform the same job. This 
gives searchers a list of alternate ma 
terials that lab research may prove 
to be cheaper or otherwise more ac 
ceptable for manufacturing a _ prod 
uct 
e Magnetic tapes contain complete 
Patent Office files on certain subjects 
could be purchased for use on ma 
chines the searcher owns or rents 
In this way, several searchers could 
search identical files at the same time 
Since plastics is considered the most 
dificult field for patent searching, 
success of the new system in plastics 
would seem to insure its acceptance 


for other. less complex fields as 


FITTINGS 


— establish New Flexibility and 
Versatility in Use of Pipe and Tubing 
in Hydraulic Transmission Lines 


One-way Stretch 


Anchor Forged Steel Weld-Type Fittings are designed 
especially for use with Anchor Split-Flange Clamp Halves 
and “O” Ring Flanged Head Couplings to create another 
Anchor Hydraulic ‘First.’ 


They provide pipe and tubing assemblies with better 
flow characteristics. The need for pipe threads and pipe 
fittings, and their inherent problems, is eliminated 





installation is extremely simple and dependable — 
Anchor Weld-Type Fittings are bolted securely to flange 
or port by four socket-head screws and an “‘O” Ring is 
employed to ensure a positive, leak-proof connection 


Anchor Weld-Type Fittings are available with drilled 
holes and “O” Ring Groove for bolting to valve or pump 
or threaded holes without “‘O” Ring Groove for connec 
tion to Anchor Flanco Hose Assemblies by means of 
Anchor SAE 4-Bolt Split Flange Clamps. They are de 
signed in straight, 90° elbow and tee styles for ends of 
pipe or tubing, and in saddle style for side positioning, — 
any number may be placed along the length of the as 

This massive machine is capable of sembly,—and in sizes for %4" to 242" pipe and for 1” to 
gripping the ends of a plate of high 2%" tube. 
trength aluminum alloy 60 ft long and 

6 in. thick, then stretching it by some } 

i} ft. Stretching refines the internal € 
structure of the metal by equalizing “Don't delay writing for complete 
details and specifications. 








Andy Anchor says: 


tress distribution. The stretcher can 
handl 
for Kaiser Aluminum & Chemical Corp 
yy Hydraulik GMBH of Duisburg, Gei 
many. Cross-sectional-area limit of this 
machine is 640 sq in. as compared with 
the previous industry maximum of 


about 350 sq. in. Operator at left con X AD 387 North Fourth Street, Libertyville, Illinois 
trols the equipment . Branch Plants: Dallas, Tex., Plymouth, Mich. 


late 13.3 ft wide It was built 
I 
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Television base made by Griffith Co., 
Parkersburg, W. Va. 


Designed with EXPANDED METAL in mind 


Many products like those above have proved successful because their 
designers exploited the unique properties of Penmetal expanded metal. 
Where else could you find meshes so ideally suited to television 
applications. Extremely high strength-to-weight ratio permits use of 
ETAL Many 


light sections to span large areas economically. Because of great 
flexibility, only your imagination limits the form it can take. Used 


decoratively, in a place like a grille, the clean diamond pattern is 
distinctively appealing—has quality written all over it. 


Whether your requirements for a mesh are strength with light 
weight, workability, beauty, or all three, Penmetal expanded meta! a name to remember 
can provide the answer. Send for new 36-page catalog 521-EM, which 
gives full details of this versatile material. 


PENN METAL COMPANY, INC. 


Expanded Metal Sales Office: P.O. Box 1460, Parkersburg, W. Va., AXminster 5-4521 
Executive Offices: 40 Central Street, Boston 9, Mass. 
Plant: Parkersburg, W. Vo. 
District Sales Offices: Boston, New York, Philadelphia, Pittsburgh, Chicago, Detroit, Dallas, 


Little Rock, Seattle, Son Francisco, Los Angeles, Parkersburg PM-234 
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“77. 0.” qu 

even greater, because these { 

longer cylinder life, g 

and downtime. 

Specify ‘Miller’ for greater reliability and economy! Write 
for bulletin. 









MILLER FLUID: POWER 





tHe question: Can thinking 


Last June our editor pooh-poohed Dr Wiener’s statement that 


a robot brain might destroy its creators. Late last month Dr Wiener expanded 


on his original statement at a symposium of the American Association for 


the Advancement of Science in Chicago. Here is a condensation of his talk. 


>~ re 
Dr Norber Wiener 
Institute Professor 


Massachusetts Institute of Technology 


mtinually sul 

time open ft 

On the 

ittitude. man eople have pooh-poohed 
hine techniqu ind th have flatly 
tly predictions of Samuel Butler that th 
over the on of mankin 


n the time of Samuel Butler, the avail 


far less perilous Chey only involved 


in degree of thinking and communica 
the machine techniques of the present day 
these fields as well, so that the image of the 
is far different from that which Butle: 
we cannot transfer to these new devices the as 
sumptions which seemed axiomatic a generation ago. 


It is my thesis that machines can and do transcend some 


24 


f the limitations of their designers, and that in doing so 
they may be both effective and dangerous. It may well be 
that, in principle, the elements of behavior of any machin« 
made by man can be understood by man sooner or later 
But this does not mean that we shall be able to compre 
hend them in substantially less time than the time of opet 
ition of the machine, nor even within any given number 
of years or generations 

I'wo properties of machines now widely recognized are¢ 
that, over a limited range of operation, machines act far 
more rapidly than human beings, and they are far thor 
precise than man in performing the details of their opera 
tions. This being the case, even when they do not in any 
way transcend human intelligence, they may and d 
transcend man in the performance of their tasks. 

This means that though machines are theoretically sub 
ct to human criticism, such criticism may be ineffective 
until long after it is relevant. By the time that we are able 


to stop the car it may already have run head-on into a wall 


Machines that Learn 


I shall come back to this point later. For the pres 
me discuss the technique of machines for a ver 
purpose: that of playing game 
lhe von Neumann theory of games bears no very clos 
n to the theory used by game playing machines 
correspond much more to the methods of play used 
xpert, but limited, human chess-players against other 
players. Such player 


itions which ar n their essence not complet 


pend on certain strategi 


the von Neumann ye of play is valid for gam« 


| 

t 
omplete theory, the very interest of 
ind checkers is that thev do not possess 1 complet 


Neither var, nor business 


ther form f npetiti tivity in which w 


ompetifion nor an‘ 


’ ] ] , teri 
l ng machine plays in i ! 
} 


ertain rigid evaluation of plays. Quantities such as th 


ilue of pieces gained or lost the command of the piec 


1 


their mobility, etc., can be given numerical weights on an 
mpirical basis, and a weighting may be given to each next 
plav conforming to the rules of the game. The play with 
the greatest weight may be chosen. Under these circum 
tances, the play of the machine will seem to its antagonist 
who cannot but evaluate the chess personality of the 
machine—a rigid one 

Che next step is for the machine to take into considera 
tion, not merely the moves as they have occurred in the 
individual game, but the record of games previously played 
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machines destroy mankind? 


On this basis, the machine may stop from time to time 
not to play, but to consider what (linear or nonlinear 
weighting of the considerations which it has been given to 
onsider would correspond best to won games as opposed 
to lost (or drawn) games. On this basis, it continues to play 
with a new weighting. Such a machine would seem to it 
human ypponent to have a far less rigid game personalit 


ind the tricks which would defeat it at an earlier stag« 
may now fail to deceive it 

he present level of these learning machines is that the 
but that in checkers the 
can show a marked superiority to th player who pr 
grammed them after from 10 to 20 plaving hours of work 


play a fair amateur game at che 


thus most definitely escapc 


ing and indoctrination. They 
from the complete effective control of the man who made 
them. Rigid as th 
which they are in a position 


thev do unquestionably—and 


pertorv of considerations mav b 
into consideration 
who have plaved 


ginality, not merely in their tacti 


with them—show ori 
which may be quite unforeseen—but even in the detaik 


weighting of their strateg 
The Machine Is no Slave 


oblem, and it 1 moral problem, with which wv 


is very close to one of the great problems 
slavery. Let us grant that slavery is bad because it is cruel 
It is, however, self-contradictory as well. We wish a slave 
to be intelligent, to be able to assist us in carrying out our 
tasks. However, we also wish him to be subservient. Com 
plete subservience and complete intelligence do not go 
together. How often in ancient times the clever Greek 
slave of a less intelligent Roman slaveholder must have 
dominated the actions of his master rather than obeved his 
wishes! Similarly, if the machines become more and mor 
ficient and operate at a higher and higher psychological 


evel, the catastrophe foreseen by Butler of the domination 


] 
of the machine comes nearer and nearer 
1 1 
lhe human brain is a far more efficient control appar 
itus than is the intell tl 


gent machine when we come to 1 


depends on its capacity to modify 


It is a self-organ t wh 
itself into a new ma 
hine rather than on an ironclad accuracy and speed. Wé« 
have already made very successful machines of the lowest 
logical type with a rigid policy. W< 
nake machines of the second logical t 
tself improves learning There 
on W ( W in 
is it safe to pronounce exa¢ tly on w 
superior to the machine. Yet for a long tim 
will be som tvp< sufficienth high that on 
rain is better than the constructed mach 
this level may shift upwards and upwards 
Ihe result of a self-programming techmqu 
on i » remove from the mind of th 
perator an effective understanding 
1) which th 1 ] THC 


' 
vhat the real tactical in ions of 1 yperations 
roblem of our 
yutside 
f the gam 
on and before an intern 
id these cons quen 

Human action is a feedback ac 
yntrol operates on its incoming dat ster e can 
up, our supposed ability t ontrol i be post 
poned so much that by the time w rstood its 


be | yng 


yur power to turn the mach 
Disastrous ults ar » be expect 
ssentially ig ne another 
ichievement common purpose. | 
| 


poses, we us } mechani lj agency Wi 


we cannot efficiently i 

tion (for example, if 

that have not th o inter befor he acti 
complete then v had better be quite sur that the 

yurpose put which we 


lly de Md 1 | 1 mitatior of 


achine is the purpos 





Dr Wier 
or, he 
\ graduate 
und Harvard, he | eel vith MIT fo 
yast 41 vear hough he ) vear as visiting 
fessor at Tsin , vers n Peiping Called 
nf the top US mathematics” by Fortune, he 


search for 


1 dyed-in-th 


Government on th onstruction 
predictors and in the held of guided missiles 


In 1949, he published a book, Cybernetics, wl 
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NEW! DUAL TORQUE-LOCKING 
+ AND POSITIONING DEVICE 


REV- LOK eliminates feedback torque, 
provides two-directional positioning, drive, 
over-running and backstopping 


NOW! You can have positive and instantaneous stopping of feedback 
reverse) torque—it will never reach the driving equipment. For, the comple- 
ment of sprags in this new Formsprag device is divided into two opposing sets 
that: instantly stops feedback from either direction, assures equalized radial 
loading, evenly distributes wear for longer life, and provides multi-contact 
surfaces for greater \olding strength when high feedback torque occurs. 

When the device is mounted with the outer race in a fixed position, feedback 
is stopped by wedging of sprags between output member and I.D. of fixed 
outer race—feedback never reaches the input shaft. Yet, this new design 
permits free rotation and transmission of high driving torque in either direc- 
tion from input to output shaft. 


When used as a two-directional over-running clutch, output shaft member is 
mechanically secured against rotation and outer race then becomes the output 
member. A slight right or left rotation of input shaft disengages either set of 
sprags and determines direction of drive, over-running and backstopping. 

This versatile device can also be used for two-speed drive and reversing 
applications. By connecting a low-speed reversible motor to outer race and a 
high-speed motor to input shaft member, driving torque can be transmitted 
at two speeds or reversed. 

Here is a multi-purpose device, that not only drives, positions, over-runs 
and backstops in two directions, but also provides automatic, instantaneous 
and positive prevention of feedback from driven equipment to power source. 
It is compact, has greater torque capacity for its size and weight and permits 
higher over-running speeds than any similar device. Operation and features are 
explained in detail in a new Formsprag technical paper, send for your free copy. 


FORMSPRAG COMPANY, 23607 Hoover Road, Dept. 105, Warren (Detroit), Michigan 
Distributors in Principal Cities. 


RMSPRAG 
CLUTCHES 


Precision Power Transmission Products 
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BECAUSE there is a complement of 
sprags arranged in opposing pairs 
there is always a multiple number of 
contact surtaces engaging the outer 
race when feedback or | ckstopping 
conditions are present. ‘This provides 
equalized radial loading and strong 
holding torque against even unusu 
ally heavy feedback 


The entire complement of sprags, which is a part of the output 
member assembly, rotates at driving speed while outer rac: 
remains stationary. Thus, sprags are in light contact with the 
outer race and are always in position to pick up the feedback 
load at constantly changing points on the outer race. This 
design feature assures longer life through even distribution of 
wear over entire surface of outer race. With sprags in constant 
contact with outer race, any independent movement of output 


shaft causes instantaneous locking of sprags—there is no 
backlash on output shaft 


PRODUCT ENGINEERING + JANUARY 18, 1960 


RAWSON 
Centrifugal 
Clutches 

Load Motor Starts 
Cushioned St 
High-Inertia 


Overload Protection 


FORMSPRAG 
Over-Running 
Clutches 


For Every 
Over-Running 
Indexing & 
Backstopping 
Application 
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Cold-War Creep an 


p 6] was timely and 
o imbued with the 
that we allow it 
Post 

| 


issued 


ression 
yur self-defense 
lals are 
ed their liv 
from tyranny 
hesitate to offer a sacrifi 
have been taught to try ever 
W often q 10te all fall 
1onesthy 


is still 


what we 


ut we 
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KNOW 


Born 


ind what we 
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Westlake, Ohio 


and Society 
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tigahon 
that old Pope Paul V a1 


alwa lepicted as barrie1 


rentinc mvestigation a 

lhe Catholic Churcl 

loes not deny the facts in this case merel 

would be better if they 

Admittedly the Church’s action 

works for Galile 
ind seemingly for his Coperni an theory 

However, Galileo violated his own prin 

les as a entist advanced a 

supported only by an 


eCALISE were 
not truc 


ally gummed up the 
f 


when he 
hypothesis 
as conclusive fact and then indulged 
little theological speculation on the 
Had he theory as a 
theory 


idvanced his 
and had he no 
specialties he would have 
lly and the Church woul 
have had no grounds for criticism 
Is it any different today? Can a 

theory to 

+} 


hology (even if the 


' 


theory and only 


jumped been 


acting rentin 


ywist validly use a mere prove a 
new principle of psy« 
would prove true later 
that Galileo should be duly re 


ontributions, but 


theory 
1 fo 


hold 


OLgTIzeC 
his scientifi also 
that it is incorrect to say that religion ha 
acted as a barrier to the orderly inquiring 
id James F MaAcHEN 
Assistant Professor 

Univ. of Toled 
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Desco Products 
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tha in be pt 
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en the ques 


BAI 


held over any man o 


tt truth and knowledge 


OT Truth 


impel! 


COMING EVENTS 


JANUARY 
18-21 
ietv. 6th 


Hotel, Nev 


25-28 
gineering Sh 


Phila 


de Iphia 


25-28 Institute of the Aeronauti 
al Sciences, 28th Annual Meeting, Hotel 


Astor, New York 


26-27 Society of Vacuum Coat 
3rd Annual Meeting, Hotel Biltmor 


Ne MW y ork 
American Institute of 


Engineers, Winter 
Hotel Statler, New York 


31-Feb 5.... 
Electrical 
Meeting 


General 


FEBRUARY 
2-4... . Society 
Sth Annual Technical and Management 
Conf., Edgewater Beach Hotel, Chicago 


of the Plastics Industry, 


3-4 Armour Research Foundation, 

6th Annual Midwest Welding Confer 

nce, Illinois Tech Chemistry Building 
zo 

Radio 


onvention on 


Hotel, 


Engineers, 
Military 
Los An 


. Institute of 
Winter (¢ 
Ambassador 


tronics 


10-12 Institute of Radio Engi 

neers, American Institute of Electrical En 
Univ of Pennsylvania, Solid-State 

Philadelphia 


uits Conference, 


24-25 Malleable Founders Society, 


l'echnical 
Cleveland, Ohio 


Conference, 


and Operating 
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THE BRUNING MAN 
MAKES 
MICROFILMING 
PRACTICAL 
& PROFITABLE 
FOR YOUR 
EVERYDAY USE 


Today, through Bruning’s advanced equipment, 
microfilming becomes a high-quality, fast, and 
economical means of reproducing engineering 
drawings and records. The tangent savings in 
space, time, and materials are tremendous. 
Thousands of microfilmed drawings on Bruning 
Filmsort cards can be stored in one small drawer. 
They can be coded and filed for immediate, con- 
venient, and continued availability. Mobile 
Bruning readers and viewers give draftsmen 
easy, efficient reference to drawings. High quality 
reproduction of finest pencil detail by Bruning’s 
Dea-Graph cameras eliminate the need for 
costly time-taking inking of drawings or cloth 
tracings. Directly from these quality microfilms: 
black-on-white prints can be produced quickly 
and economically. Bruning takes you from 
microfilm to working size print whether you 
purchase all equipment or not. To find how 
Bruning’s versatile products can be adapted 
exactly to your needs and budget, call your local 
Bruning Branch or write: Charles Bruning Co., 
Inc., Mt. Prospect, Ill. In Canada: 103 Church St., 
Toronto 1, Ontario. 


(BRUNING ) 








Miorwofdming 


< Sammi 
ey, —$—e 


| 


- 


Bruning’s complete line of microfilming equipment includes 
Dea-Graph Cameras, Fiimsort Mounters and Readers, Film 
sort Aperture Cards, and Bruning Reader-Printers 


a | ~ 
\ 


ee 
7 \\\al Ss 


' 





BRUNING DEA-GRAPH PLANETARY CAMERA 
The first top-quality, moderately priced 
35 mm camera Convert ea y into 
an enlarger unit. Guaranteed resoiu 
tion of 12 ines per millimeter 30X 
reduction 


BRUNING FILMSORT CARDS AND MOUNTERS 

Bruning offers a omplete f nsort 

e for mounting nm rofiln n tile 

; and for duplicating these cards 

nd mounter: semi-automat and 
natic mounters are avaiiabie 


BRUNING FILMSORT DESIGNER 184 READER 
Outstanding feature nclude an ex 
lusive 65mm. [/4 lens that transmits 
»’4 times more light than conventional 

3 lens. Bruning offers a variety of 
readers and inspectors in a wide range 
of prices and sizes 





motors for commercial applications 


HIGHEST TORQUE FOR SMALLEST SPACES 


Missile designers are well acquainted with the extremely high torque available 
from a planetary geared precision miniature Globe motor. Units similar to 
the one pictured can produce up to 150 inch pounds of torque! 

And more and more designers are finding that these motors offer out 
standing advantages for commercial applications as well. Universal, a.c., or 
d.c. types are available from 7%” to 214” in diameter. They can replace 
larger, ordinary motors at competitive cost, and deliver important bonuses 
too. They perform reliably under conditions that would soon ruin ordinary 
motors—high humidity and temperature, jarring shock and vibration, dust 
and fume-laden atmospheres. 

Globe speed reduced motors are engineered to fit your specific appli- 
cation as no “off the shelf” motor can. Standard component design is the 
secret; for example, 83 even ratio planetary reducers are available to give 
the speed and torque you need. Many parts are inventoried. Design and 
production efficiency will save you money. If you have a commercial 
application that demands a smaller, more powerful, more reliable and com 
petitively priced motor, then consult Globe first. Write for Bulletin ACG. 
Globe Industries, Inc., 1784 Stanley Avenue, Dayton 4, Ohio. 


GLOBE INDUSTRIES, INC. cj & @)—j— 


PRECISION MINIATURE A.C. @ D.C. MOTORS. ACTUATORS 
TIMERS. GYROS. STEPPERS. BLOWERS. MOTORIZED DEVICES 
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eye appeal that in quickly applied... 
adds sales appeal >» and removed 


product saving 
protection 









Caplugs 


save time, : 
won't chip, : trouble and $$$ need some soon? over 600 


break, shred 
or collapse 


sizes in numerous styles 


and colors now in stock. 


“kid glove” protection for tubing 
threaded fittings and machined 


parts in process, storage and 


transit...get a kit full of samples in 


exchange for the coupon below 


CAPLUGS DIVISION, 
made of tough, PROTECTIVE CLOSURES CO 


flexible 2205-9 Elmwood 
Polyethylene MAIL a free a 
literature an 


rithout obli 








this 
much 
abrasive 
metal... 


can 


destroy 


precision 
parts 


PROTECT 
YOUR 
PRODUCTS 
WITH 

LOW COST 


LISLE 


PLUGS 


lf your product has moving parts 
operating in a fluid, you can re 
duce costly wear with Lisle Mag 
netic Plugs 
Ferrous metal particles in a lubri- 
cant are a major cause of wear 
The Lisle Magnetic Plug removes 
these particles from the lubricant 
assures longer, quieter oper 
ation of the products you make 


Lisle Magnetic Plugs can be used 
in place of any ordinary drain or 
fill plug. 


FREE Samples for Testing in 
Your Product! 


= 
CORPORATION 


Clarinda, lowa 
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For Your INFORMATION (personal) 





Shows you the way to go home 


ane ’ A “batteryless” flash 
light, only 37 in. dia 
and weighing less than 
an ounce with its chain, 
has been developed in 
Germany. Actually, it 
does have a powe 
source—but a recharge 
ible one. It will oper 
month, th 


manufacturer 


ite for a 
Savs; then 
just leave the ball in 
The recharger cas¢ 


the recharger case over night, and it’s ready to iain.” 


48) 
~ 


is 3 by 14 by 1 in.; accommodates two 1.5-v hearing-aid A batteries. It’s avail 
ible in the US from Hollis Co, 1133 Broadway, NY 10, tor $6.95 


Barometer rising. Outlook—rain 
Barometer falling. Outlook—fair 

All fouled up? Not at all. These are just a few of the exceptions that prove 
the barometer rules. As the Weather Bureau points out, pressure alone is not 
1 foolproof guide to weather prediction. It’s the level of pressure, the direc 
tion of change, and the direction of the wind that are important. 

For example, with the wind SW to NW and the barometer at 30.10 to 
30.20 and steady, the indication is fair, with slight temperature change. But 
if the barometer is rising rapidly, the outlook is rain—within a day or two. 

If the wind is E to NE and the barometer is falling slowly from 30.10 
or above, rain is on the way. In this case, though, it may not arrive for several 
days. Under the same barometric conditions, if the wind is S to SE, it means 
rain within 24 hr. 

Says the Weather Bureau: The best way to be a good weather forecaste: 
is to study the instructions that come with your barometer—and then check 
its reading with th~ weather reports on your local radio station 


Stick-on paint 

You can paint without brush 

1 roller; and without smell, drip 
or streak, with a new pre-dried, 
self-adhesive paint, says Morgan 
Adhesives Co. According to 
Morgan, it’s “pure paint” that 
comes sealed in a sandwich be- 
tween two layers of paper—strip 
off the bottom, stick the paint 
down, and then remove the 
protective cover, as shown in the 
photograph. The paint is now 
being made in fluorescent colors, 
can be used for signal markers 
ind warning signs as well as for 
decoration. Free samples are 
wailable from Morgan (a Bemis 
at Stow, Ohio 
—ARG 
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PARKER-HANNIFIN FLUID SYSTEM 


COMPONENTS 





from PARKER-HANNIFIN... 


straight-thread ports and fittings 


for leak - proof 
%, | 
- 4 
= 


hydraulic systems 


Parker straight-thread hydraulic fittings, mated with 


S.A.E. bosses (offered at no extra charge on Hannifin cylinders ) , 
guarantee leak-proof cylinder port connections.* This 
use-proved sealing method is J.1.C. recommended. 


To insure leak-proof performance throughout your hydraulic 
systems, Parker offers both “Triple-lok” flare-type and 


“Ferulok” flareless fittings for leak-proof tube connections. 

Where you need high pressure, permanent-end hydraulic hose 
assemblies, Parker supplies “Krimp-lok.” And for fast, leak-proof 
field service or replacement, Parker “Hoze-lok” fittings require 
no skiving of the hose, need a minimum of tools for assembly. 


Your Parker-Hannifin man is qualified to help you with 
installation problems. He'll also help you plan your 
hydraulic layouts. 


* Both Parker fittings and Hannifin cylinders are 
still available with “dry-seal” pipe threads. 
Parker FITTINGS AND HOSE DIVISION 


17325 Euctid Avenue, Cleveland 12, Ohio 


HANNIFIN COMPANY 
545 S. Wolf Road, Des Piaines, tilinois 


DIVISIONS OF PARKER-HANNIFIN CORPORATION 











Now... 


miniature 





l/, turn 


fasteners! 
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A new size has been added to the 
Lion family of quick-opening fas- 
miniature size. Small, 
compact, yet 


teners...a 
strong and rugged, 


these miniatures aid in reducing 
overall dimensions and weight with- 
out sacrificing the important ad- 


vantages of larger Lion Fasteners 


ALIGNMENT NOT CRITICAL 

Stud “floats” to accommodate mis- 
alignment. The hole in the sheet for 
the stud has an area 60°, greater 
than the stud diameter. This allows 


a .030 float in all directions 


WIDE VARIATION IN STACK HEIGHT 
Six different studs accommodate total 
material thicknesses (both sheets) of 
040 minimum to .159 maximum 


Total sheet thickness served by any 


LION 


ory 


CIVILIAN 
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one stud may vary as much as .019 
without affecting operation. A Lion 
Miniature Stud, specified for a 
thickness of .0863, for example, will 
accommodate total sheet thicknesses 
from .O80 to .099 


SWAGED-NOSE STUD 

Extra strength and smooth operation 
ire made possible by the exclusive 
Lion swaged nose design. All the 
netal is put to work. There are no 
holes, thin cross pins, or milled slots 
to weaken the cross-section. Case 
hardening assures long, trouble-free 


service without wear 


LARGER SIZES AVAILABLE 
Lion Fasteners are also available in 
two larger sizes—No. 5 (mil spec) 


and No. 2—to meet the needs of air- 


©) 
U 





LiOn 


FASTENERS 


1 TURN OPEN + % TURN CLOSED 


LIGHTWEIGHT - STRONG 
MINIMUM ENVELOPE 


craft, missile and ground support 
equipment. The heads are supplied 
in a wide variety of styles including 
oval, flush, wing, ring, notched and 


knurled 


FREE! 


FASTENER HANDBOOK 


send for your free copy of Southco 
Fastener Handbook No. 9. Gives com- 
plete engineering data on Lion Fasteners 
and many other special fasteners 

Write to Southco Division, South Chester 
Corporation, 236 industrial Highway, 
Lester, Pennsylvania 


©1959 


Lvtaticrn. FASTENERS 


one of the 


/ 
/ 


Le <I> 


COMMERCIAL 


FASTENERS 
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If yeu are controlling 


Water Flow 


—specify the Detroit S-25 solenoid valve. It gives 


positive opening and closing from 4 to 6 gpom—2% 
to 200 psi—up to 180°F*. The valve has an optional 
flow control device built into the outlet to insure 
accurate water delivery. It’s available with pipe, 
tubing or hose connections and with a wide variety 
of terminals. Many different mounting brackets can 


be obtained. Listed by Underwriters’ Laboratories. 


*Up to 200° for special applications 


Avunscan-Standerd and Standard ® are trademarks of 
American Radiator & Standard Sanitary Corporation 


American-Standard 


DETROIT 


L 


CLASS 1 | If you are controlling 
Electric 


Current Flow 


—and want positive action in a small space, look to a 
Detroit TyniSwitch®. These miniature snap switches give 
SHOWN -ALTUAL SIZE you the long life and precision you need, are virtually 
LENGTH 1-5/8!—WIDTH 7/16*—DEPTH 11/32” | bounceless and resist shock and vibration. Class 1 Tyni- 
Switches are top mounted and top actuated and Class 4 
all side mounted and top actuated. Both have a wide 
variety of actuators and terminals. Listed by Under- 
writers’ Laboratories. 


There are many applications where these Detroit products 
can be used as a team—others where they are used alone. 
Write for Bulletin 275 covering the S-25 solenoid valve 
and Bulletins 263 and 270 on TyniSwitches. Detroit 
Controls Division of American Standard, 5900 Trumbull 
Avenue, Detroit 8, Michigan. 





yey 
Gaderwriters’ Laboratories listed and su. & 
Canadian Standards Assoc. approved 1 Up P 
15 Amp. 125/250 V. A.C. Non-ind. 1/2 HP. 125/250 V. A.C \ p 
tractual. approvals for U.S. Gov't applications nd 
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Redesign of high capac- 
ity compressor shaft and 
bearing assembly elimi- 
nated costly angied 
shaft in favor of unique, 
efficient ball bearings. 


IMustration: Courtesy, Frigidaire Division, General Motors Corporation 


Unigue "¥B Wobble Plate Ball Bearing 
Simplities Axial Compressor Design / 


CUSTOMER PROBLEM: 


In developing the ideal compressor for automobile 
air conditioning unit, customer engineers faced 
the problem of further design simplification and 
refinement of pilot model. 


SOLUTION: 


N/D Sales Engineer, in co-operation with cus- 
tomer, pointed out a possible design simplifica- 
tion in the crankshaft bearing assembly. By pro- 
viding a specially designed N/D precision ball 
bearing with shaft bore at an angle, a straight 
shaft could replace the original pilot model crank- 
shaft. The wobble plate angle would then be sup- 
plied by the bearing rather than the shaft. First 


tests proved the new and simpler shaft/bearing 

assembly met customer’s rigid performance stand- 

ards in high capacity compressor. Final testing of 

some 300 pilot models, both in the laboratory and 

on road test cars, finalized the design. Now .. .. 
all GM air conditioner equipped cars are cooled 

with the aid of N/D ball bearings. 


If you’re working on new designs . . . or rede- 
signing, why not call your N/D Sales Engineer. 
He knows the performance possibilities of vir- 
tually every ball bearing made .. . and, he 
knows what can be done with special bearing 
designs! For more information write New De- 
parture Division, General Motors Corporation, 
Bristol, Connecticut. 


he 


= ESV Co ee 


BALL BEARINGS 
proved reliability you can build around 
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PRODUCT 
= SN 1 See 


January 18, 1960 


HE DID IT! 


Newspapers, a few weeks back, were filled with stories of 
I'V fixes and drug overpricing, while the news magazines 
carzied obituaries for the Edsel. All these stories were alike 
in a peculiar respect; they talked of who or what was to 
blame for the problem. One series of reader letters in 
cluded this word “blame” at least a half-dozen times. 

This suggests that we ask ourselves a basic question 
Are we trying to fix the trouble, or just to fix the blame? 

One is constructive, the other destructive. We can re 
member teachers, bosses and executives through the years 
who always had the latter approach to a problem. Pin the 
blame on somebody—anybody—and perhaps the problem 
will disappear. We've seen committees do it, service de 
partments do it, suppliers do it—and even governments 

None seemed to realize that selecting a culprit is never 
the end; it often indicates a greater culprit who escapes 
by passing the buck, letting some one else take the rap 

The Supreme Court made a historic decision in this 
regard several years ago; they gave as their opinion that 
culpability might extend to the maker of a product as well 
as the user or operator. Interpreted literally, such an opin 
ion is ridiculous; the auto maker should not be liable for 
the drunken driver nor the drug maker for the mad doctor 

But the auto maker should be responsible for the brakes 
that fail from faulty design, the steering gear that comes 
apart for the same reason. The drug maker should certainly 
accept responsibility for the faulty batch of drugs or the 
defective container. 

A definition of the professional man, quoted recently 
by ASME President Warren: “One with a special body of 
knowledge and understanding toward which he feels three 
compulsions: to use it in the public interest, to add to it by 
his own efforts, and to teach this knowledge and this under 
standing to his contemporaries and to the coming genera 
tion.” Unless we stretch the first compulsion to include 
it, this definition skips the basic characteristic of the pro 
fessional man: He is responsible for the results of the use 
of his knowledge. 

It seems to us, therefore, that the design engineer has 
the fundamental responsibility to check his designs for 
trouble and to design and re-design uritil the bugs are out 
of it. The product should have safety and service built in; 
it should have the morality and integrity that the subjects 
of the recent investigations seemingly didn’t. The search 
should be for trouble and how to correct it, not for a scape 
goat upon whom to pin the blame. 
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| FEY SUGNGALD first to he specified 


by America’s leading OEM's... 


A COMPLETE LINE TO CHOOSE FROM 
FOR YOUR PARTICULAR APPLICATION 
Available in all thread styles and sizes 


Permanently Attached Male 

NPTF) for 1, 2 and 3 Wire 
id rubber cover hose. Plated 

to prevent rust and corrosion. 

Sizes: 14" thru 2”. 

Wkg. Press.: 375—5000 p.s.i. 


Permanently Attached Male 
Flare (JIC) ‘or 4 and 6 Spiral 
Wire Braid rubber cover hose. 
Used for Ultra High Pressure. 
Sizes: Ye" thru 114”. 

Wkg. Press.: up to 7500 p.s.i. 





Reusable Male (NPTF) for cot- 
ton and rubber cover hose. No 
skiving necessary. 
Sizes: 14" thru 2”. 
Wkg. Press.: 350—3000 p.s.i. 


Reusable Swivel Female for 1 
and 2 Wire Braid rubber cover 
hose. Easy field replacement. 
Sizes: 4” thru 1144”. 

Wkg. Press.: 375-5000 p.s.i. 





Permanently Attached Flange 
Head Co ui for 1 and 2 
Wire Brai cover hose. 
Available in angles to 90°. 
Sizes: ¥e” thru 2”. 

Whkg. Press.: 375—5000 p.s.i. 


Gon Type Copte wi mr 
inge stems 

“of Braid rubber cover OM 

Exclusive “Inter-Lock"’ feature. 


Sizes: 4" thru 2”. 
Wkg. Press.: 375—5000 p.s.i. 





It’s a known fact that many lead- 
ing Original Equipment Manufacturers 
submit their original specifications for 
their first quotation to Eastman. 


EASTMAN’s unequalled experience 
in hydraulic conversion, plus many 
original designs shown in a few popular 
Eastman fittings at the left—give your 
product an appearance of quality that 
improves its competitive position. 
These assemblies are available in all 
thread styles and sizes. 


EASTMAN Engineering Service... 
Backed by Unequalled Experience 

It is also a known fact that Eastman’s 
co-operative engineering counsel and 
service is highly respected and often 
requested by leading OEM’s. Let 
Eastman engineers help you lay out 
your fluid power lines—from pump to 
point of work—effecting economies in 
design, improving performance and in- 
creasing user satisfaction. 


Let EASTMAN recommend the 
best assembly ... for the best per- 
formance... at the lowest cost. 


ny 
=n 


Bent Tubing with the 
necessary fittings to 
meet your own specific 
requirements. 


Adapters, Adapter 
Unions and Boss “O" 
Ring Fittings. All types 


Permanently Attached Power and sizes available. 


Steering Assemblies to meet 
all requirements—designed to 
your specifications. 





FOR ADDITIONAL INFORMATION, 
WRITE EASTMAN MFG. CO., 
MANITOWOC, WISCONSIN 
OR PHONE: MURRAY 4-4495 


Stam MANUFACTURING COMPANY 
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Permanently Attached Aijr 
Conditioning Assemblies for 
automotive use 

your particular spec 


WRITE for Eastman Tech- 

nical Bulletins Nos. 100 

and 200 on High, Medium 

Dept. PE-1 and Low Pressure Hydraulic 
Hose Assemblies. 


MANITOWOC, WISCONSIN 
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for self-locking at high efficiency .. . 


the TWINWORM GEAR 


Developed by an Israeli engineer, this innovation in gear- 


ing combines two worm-screws to give self-locking charac- 


NICHOLAS CHIRONIS 


Associate editor 


The term “self locking” as applied to gear systems de- 
notes a drive which gives the input gear freedom to rotate 
the output gear in either direction—but the output gear 
locks with the input when an outside torque attempts 
to rotate the output in either direction. This character- 
istic is often sought by designers who want to be sure 
that loads on the output side of the system cannot affect 
position of the gears. Worm gears are one of the few 
gear systems that can be made self-locking, but at the 
expense of efficiency—they seldom exceed 40%, when self 
locking. 

Last month, however, at an ASME meeting in Atlantic 
City, an Israeli engineer displayed a simple, dual-worm 
gear system that not only provided self-locking with over 
90% efficiency, but exhibited a new phenomenon which 
the inventor calls “deceleration-locking.” 

ASME reaction to the new drive varied—some engineers 
thought it the most revolutionary gear system in modern 
times; others considered it no more than a manufacturing 
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teristics, or to operate as a fast-acting brake when power 
is shut off. Model above shows basic components. 


trick. A point in favor of the inventor—B. Popper, a 
engineer with the Scientific Department of the Israel 
Ministry of Defense in Tel Aviv—is that his “Twinworm 
drive has been employed in Israel-designed counters an 
computers for several years and with marked success 

The Twinworm drive is quite simply constructed. Tw 
threaded rods, or “worm” screws, are meshed togethe 
Each worm is wound in a different direction and has a 
different pitch angle. For proper mesh, the worm axes ar 
not parallel, but slightly skewed. (If both worms had 
the same pitch angle, a normal, reversible drive would 
result—similar to helical gears.) But by selecting proper 
and different, pitch angles, the drive will exhibit eithe: 
self-locking, or a combination of self-locking and decelera 
tion-locking characteristics, as desired. Deceleration-loch 
ing is a completely new property best described in this 
way. 

When the input gear decelerates (for example, when 
the power source is shut off, or when an outside force i 
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HOW TWINWORM WORKS A COMPUTER 


4 


Git) STS Pome 


~~ A) 


y 


ipplied to the output gear in a direction which tends to 
help the output gear) the entire transmission immediately 
locks up and comes to an abrupt stop moderated only by 
any elastic “stretch” in the system. 

Almost any type of thread will work with the new 
drive—standard, 60° screw threads, Acme threads, or any 
arbitrary shallow-profile thread. Hence, the worms can 
be produced on standard machine-shop equipment such 
as lathes and automatic screw machines, although a gear- 
milling machine may be best for the more precise appli- 
cations. This puts the Twinworm system into the low-cost 
category. 


JOBS FOR THE NEW DRIVE 

Applications for Twinworm can be divided into two 
groups: 

(1) Those employing self-locking characteristics to 
prevent the load from affecting the system. 

(2) Those employing deceleration-locking characteris- 
tics to brake the system to an abrupt stop if the input 
decelerates. 


Self-locking Applications 


Differential gears in computing mechanisms. A differ- 
ential is basically an adding device in which input rota 
tions x and y are added together to give a proportional 
output rotation z. Problem here is that if the resisting 
torque at z is sufficiently great, then input x might rotate 
shaft y at the expense of rotation at z. For example, what 
should have been 5 + 0 = 5, may turn out to be 5 + 


+ 
| | & > 


This interaction between inputs is prevented by con 
necting one (or both) of the input shafts to a self-locking 
Twinworm drive (see illustrations above). Conventional 
self-locking worm drives (worm shaft plus worm wheel) 
are too low in efficiency and cannot easily be made to 
produce one-to-one—and certainly not a stepped-up trans 
mission ratio, as is usually desired in differentials. 


Mechanical counters. This is the application that 
led to development of Twinworm gears. Popper was 
given the problem of developing a gear system that would 
permit inputs to be made directly to any one of five digit- 
wheels. The inputs were to affect higher-digit wheels 
see upper left sketch, on following page), but not the 
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INTERACTION BETWEEN INPUTS 
(photo) is prevented by connecting one 
input to Twinworm; sketch shows 
schematic of computer mechanism 


lower digits. This was accomplished by coupling Twin 
worm drives to slip clutches. An impulse to digit 
wheel 3 would cause it to also rotate wheel 4, but th 
['winworm between wheels 2 and 3 would lock up, causing 
it to slip against its clutch. Standard worm gears wer 
originally employed but their low efficiency was com 
pounded because of their series-arrangement. If each worm 
has 40% efficiency, the over-all efficiency, when impulse 
is to wheel 1, is 0.4 x 0.4 x 0.4 x 0.4 
24%. 

Hoists and lifts—Popper belicves the drive could be 
employed advantageously wherever loads must be raised, 
such as in hoists, elevators, lift trucks, mechanisms for 
adjusting car windows, and so forth. The drive not only 
prevents the load from rotating the gears but can be s 
designed that the same input torque is required both 
for raising and lowering the load (even without a counter 
weight). In the illustrations above, for example, one can 
crank the load to any position with the same force—and 
remove his hand without fear that the load will fall. Also, 
the power unit (if a motor is employed) will be the 
smallest possible. 


0.0256 or only 


Racks and rings—Where only linear output motion 
needed, the Twinworm principle could be made into a 
worm-and-rack transmission (illustrated above). Same ad 
vantages will be found as with hoists—the load cannot 
rotate the worm, and the same torque is required to rais 
or lower the load. Possible applications include jacks, 
automatic mechanisms for closing of doors in buses ot 
trains (no need for a power cylinder to keep the door 
closed). A jack, when operated by hand, would need only 
one-quarter the effort needed by common jacks using ih 
screw-and-nut principle. (A screw-nut combination is 
also self-locking but with an efficiency usually about 20 

The principle of the drive could also be applied t 
large external or internal rings; for example, for rotat‘on 
of antennas. Wind loads on the antenna cannot shift the 
ring. Also, the principle is applicable to the bevel-gx 
system. 


Deceleration-locking Applications 


By connecting a Twinworm drive designed for decelera 
tion-locking to a servo, overshoot of the servo could be 
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OTHER APPLICATIONS FOR TWINWORM 


ras fo” 


=: A! 


Large Rings 


MECHANICAL COUNTER was first application. Sketches show three other Twinworm possibilities 


completely prevented because, as soon as the servomotor is 
stopped, the drive will lock up The drive can thus 
replace conventional clutch-and-brake servos. 

Other possible applications include use in drill presses, 
contour milling machines, dental drills—wherever it is 
desirable to bring the tool to an immediate stop as soon 
as the driving force stops. 

Flywheels or other masses attached to the output shaft 
would accentuate the deceleration-locking effect—when 
the input gear wants to stop, the inertia of the flywheel 
will tend to keep the output gear going. Thus, the inertia 
of the flywheel, instead of adding to the total inertia of 
the system, reduces its effective value almost toe zero dut 
ing deceleration of the input. On the other hand, locking 
action can be slowed down by employing frictional devices, 
such as leaf springs, to rub against the output shaft 


HANDLING MISALIGNMENT 


For many applications, the fact that the two worm 
shafts are slightly skewed will not be a problem. How 
ever, where the input and output shafts must be parallel, 
a universal coupling or flexible drive can connect the 
worm drive to the rest of the system 

Bevel or helical gears can also be used, especially where 
the worm drive is to be part of a gear-reduction system 
(illustrated at right). 


HOW THE DRIVE WORKS 


Principle behind the Twinworm can best be described 
by analogy with sliding blocks (which actually represent 
portions of the gear teeth) 
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ANGLE BETWEEN SHAFTS IN NEW DRIVE is easily 
compensated by pairing with bevel or helical gears. 


In diagram (A), next page, for block 1 to move to th 
right, it must overcome the friction between the surfac 
of block I and 2. 


bearings with negligible friction rhe 


(The blocks are assumed to roll 
resisting trict 
can be depicted by angle p whose tangent is tan p yu 
where » is the coefficient of friction. ‘This is analogous t 
the two beveled blocks in (B) with a frictionless common 
surface. In other words, friction behaves as an incline 
plane acting against the direction of movement 

If the blocks are actually beveled as in (C), the driving 
block 1, can again be assumed to face a sharper incline, 
equal to the sum of angles ¢, and p, as in (D). Arrows 


inside the blocks show direction of motion. If direction 
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SLIDING-BLOCK ANALOGY SHOWS SELF-LOCKING CHARACTERISTICS 


FRICTION BETWEEN RECTANGU- 
LAR BLOCKS in (A) makes blocks be- 
have as if beveled, as in (B). Blocks 
already beveled (C) behave as in (D) 
or (E) depending on direction of 
motion. For Twinworm analogy, second 
block moves on incline. If friction 
angle is greater than ¢,, block move- 
ment self-locks when attempt is made 
to move blocks toward left. 


of motion for both blocks is changed so that block 2 is 
driving block 1, angle p would now be added the other 
side of the bevel angle, ¢,. Thus the equivalent bevel is 
almost horizontal, as in (E). 

If the angle (p — ¢,) in (E) turns out to be hori- 
zontal, or pitched the other way, block 2 cannot push 
back block 1—although block 1 can push block 2. Thus 
if ¢, is made equal to or less than p, the block system 
would be irreversible (self-locking). Variations in friction 
will not affect self-locking qualities as long as minimum 
friction values result in a friction angle of sufficient mag- 
nitude. 

lo simulate a Twinworm drive, the second block is 
depicted as moving on an incline plane, as in (F). 
Angles ¢, and ¢, represent the respective pitch angles of 
the two worms, and ¢, — ¢, is the angle between the 
two worm shafts (angle of misalignment). Angle 4, is 
quite small (usually in the order of 2 to 5°). 


DESIGN EQUATIONS 


Driving and opposing forces in (F) are denoted by 
P, and P;. In his paper, coauthored with D. W. Pessen 
of the Israel Institute of Technology, and presented at 
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the ASME meeting (paper no. 59-A-75), Popper shows 
that: 

Self-locking occurs as soon as tan ¢, is equal to or smaller 
than », or when 


(1 
tan ¢ = : 
“1 


Here, S, sepresents a “safety factor” (selected by the 
designer) which must be somewhat greater than one to 
make sure that self-locking is maintained even if » should 
fall below an assumed value. Neither ¢, nor the angle 
(¢ — ¢:) affects self-locking. 

Deceleration-locking occurs as soon as tan ¢, is also 
equal to or smaller than y; or, if a second safety factor 
S, is employed (where S, > 1), when 
u 
S; 

For the equations to hold true, ¢, must always be made 
greater than ¢,. Also, » refers to the idealized case where 
the worm threads are square. If the threads are inclined 
(as with Acme-threads or V-threads) then a modified 
value of » must be employed, where 


tan & = (2) 


_Mirwe (3) 


Mmodified = cos 6 
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Here, @ is the pressure angle of the thread profile 
approximately 30° for V-threads and 144° for Acme 
threads 


DRIVE EFFICIENCIES 


Relationship between input and output forces during 
rotation 1s 


P sin @& + 4 cos ¢ 
P, sin pp COB @ 
Efficiency for the drive is 
1 + pw/tan @ + S, 
uv] 
1 + w/tan @ + S; 


Shafts at right angles (4, d, 


90°) present the 
case of an ordinary worm and worm wheel, common 
screw or inclined plane. Tan ¢, would equal — 1/tan 
¢, and Eq (5) would become 
1 — w/tan ¢ ‘ . 
at 1 + p/tan @ +S (9) 
where ¢, is the pitch angle of the worm. For self-locking 
» must be greater than tan ¢,, resulting in an efficiency of 
less than 50%. 

For example, if S, 0.16, a conventional 
worm drive will have an efficiency, from Eq (6), equal to 
44%. A Twinworm using same values will have ¢, = 
7.6° from Eq (1). Choosing (¢ dy ) 2°, d becomes 
9.6° from Eq (2 This gives an efficiency of 89% from 
Eq (5) or twice that of the conventional worm drive. 

This higher efficiency is to be expected. Efficiency 
losses are a function of work done by friction (friction 
force x displacement). In Twinworm diagram (F), 
there is very little sliding motion between surfaces of the 
blocks. With ordinary worm gears, the blocks would be 
at right angles, as in (C), and relative sliding is high, 


1.2 and p 


resulting in low efficiency 


POWER REQUIREMENTS 


As mentioned previously, a Twinworm can be designed 
so that the same torque is required for raising or lower- 
ing a load. This condition occurs when 

“ L/S 7 

Substituting this relationship into Eq (5) gives the 

eficiency of the drive to meet this condition 
” Per L/S; (Ss 


If, however, it is more important to raise and lower the 


load with minimum power consumption for one com 
plete cycle, then 


Oe Sy vs? - l (v 

The power required for raising the load will no longer 

equal the power to lower it, and a larger power unit will 

be needed than in the previous case. Over-all power 
consumption will be lower, however, and equal to 


Wi 


Ne 


(10 


where E energy required per cycle, and h height 
that load W is to be raised and lowered 


EXAMPLE OF TWINWORM DESIGN 


Problem: Design a Twinworm for self-locking with a 
step-up speed ratio of n,/n, = 1.5. It must be able to 
raise or lower a load with the same torque input so that 
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the hp requirement of its motor is kept to a minimum 
Coefhicient of friction, modified by the type threads em 
ployed, as per Eq (3) is » 0.15. A 20% safety factor 
is chosen: Therefore S, = 1.2. 

From Eq (1) 


0.15 


tan @ = i2 


From Eq (7) 


From Eq (2) 
1.5 
0.833 
Angle between shafts is 10.1! 7.1 
From Eq (8) 


tan @ = = 0.180; @& 10.1 


l 2 » OK 
7 = ia = 0.833 50.0 °% 


Relationship between speed ratio n,/n, and pitch diam 
eters of the worms, D, and D,, can be shown to be 


dD, ny sin @ 
DD, mi sing 
dD, Ls sin 10.1 
Dy sin 7.1 


Selection of the pitch diameters can then be made 
based on strength and other considerations 


Therefore 


Problem: Design the drive for deceleration-locking 
Here S, is selected first. Assume S 
then from Eq (2) 


] 2 and M 1) 15, 


0.15 0.125; & = 7.1 
1.2 . 


tan @ 


This time a wide choice is available for ¢,. It can be 
shown that the ratio of sliding to peripheral velocity is 


R = 


From past experience, a ratio of 0.3 has been found to 
be low enough to avoid much sliding and wear, but high 
enough to insure positive locking 

Hence: 

7.1° — 0.3 (7.1 

From Eq (1) 


From Eq (5) 
= 0.809 = 80.9% 


From Eq (11) 
dD, Ls sin 7.1 
Dy "| sin 5.0 


EDITOR’S NOTE: Patents have been applied for on the 
Twinworm drive by B. Popper. For further technical o1 
licensing details, one can contact in this country: Helmut 
Pessen, 4652 N llth St, Philadelphia 40. 

Helical gears were recently paired with spur gears in a 
standard planetary system, resulting in fantastically high 
speed reductions. For details see: Novel Concept Gives 
Record Gear Ratios, June 22 "59, p 67 





the best SPRING MATERIAL 
for HIGH TEMPERATURE 


V A STANTON, chief metallurgist, National-Standard Co 


A; temperatures go up, a spring tends to relax. Moreover, there are no 
handy equations to guide you to the best spring material for such service. 
This is why we tackled the problem empirically, in terms of the material for 
coil springs. The approach was to select from more than 100 alloys suitable 
for temperatures above 400 F—ranging from tool steels through the stainless 
steels and superalloys. Then we compared stability—ability of the spring 
to maintain a constant or predictable length and load. 

Result is this guide, with accompanying comparison tables. In general, the 
age-hardenable alloys work out best. The higher the aging temperature, the 
better stability. Besides avoiding permanent set, age-hardening has the 
advantage of relieving stresses built-in by coiling. 

This comparison deliberately overlooks ultimate tensile strength at the 
higher temperatures. This is because, as temperature rises, stability becomes 
more important. And the cold drawing, which increases room-temperature 
strength in spring wire, now detracts from stability. 
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The Materials by Groups 


Spring materials for service above 400 F can be divided 
into these groups: 

© The ferritic alloys. ‘These mainly are modified 5% Cx 
tool steels, low in cost and alloy content. Low alloy makes 
them somewhat more stable at about 400 F than carbon 
steels. They have good oxidation resistance up to 1000 F 
but do net compare in corrosion resistance with the other 
hi-temp alloys. Quench-hardening is the way to build 
up their strength. This means the coils must be wound 
while the material is soft, then quenched and tempered 
for maximum physical properties. But such heat treating 
increases costs and the resulting distortion limits usefulness 
of the spring. 

© Ferritic-austenitic stainless steels. Their composition 
includes about 17% chromium and 7% nickel. These 
steels are primarily austenite, with some ferrite. They 
are hardened by aging or by a combination of subzero 
freezing followed by age hardening. Examples of these 
steels are 17-7 PH, which has been used up to about 
600 F, and the newer PH 15-7 Mo. 

¢ Completely austenitic stainless steels. An example 
is A286, precipitation-hardenable at about 1300 to 1400 
I’. Such steels are cheapest of the so-called superalloys. 


heir relatively high aging temperature approaches _per- 
formance of the next group. 


© Nickel-base alloys. Best known is Inconel X. It 
has become a standard for the hi-temp springs because 
it furnishes readily available design data. The quality 
is uniform and properties are predictable. For jobs 
ibout 1000 F, designers should first consider Inconel X 
before going to other, more expensive “exotic” materials 
in the next two groups. 

e The Ni-Cr-Co alloys. These have proved themselves 
in hi-temp structural applications. Because they retain 
high strength along with stability, they have shown 
promise for spring service at 900 to 1200 F. Rene 41, 
a vacuum-melted version, shows possibilities better than 
those of Inconel X and NS-25. 

© Cobalt-base materials. One of them, NS-25 (L605), 
is being used in springs from 400 through 1400 F. Also 
showing spring possibilities is $816, which contains 
molybdenum and tungsten. 


Processing for Better Performance 


Nature of the alloying elements determines whether 
to melt the spring material in vacuum or in air. Some 
alloys such as Rene 41 can only be made in vacuum, so 
cost runs higher. Some other alloys have better fatigue 
strengths at room temperature after vacuum melting. 
But at high temperature where loads have to be lower, 
vacuum melting usually does not pay. 

Other materials are notch-sensitive and have to be 
ground after melting and drawing. They crack during 
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cold drawing if defects are not removed. This increases 
cost because appreciable metal (0.010 to 0.040 in.) may 
have to be ground off. 

Processing needs are also dictated by nature of the 
application. A spring operating at room temperature 
and a high stress level might fail from a lowered endurance 
limit caused by surface cracks. At 600 F or above, 
maximum stresses are determined by creep limits. Springs 
are not affected by small cracks ranging from 0.001 to 
0.005 in. deep. 

Lubricants provided for automatic coiling, when left 
on the wire during heat treating, usually do not affect 
stability or strength. If desired, however, they can be 
removed by dipping in nitric acid. Higher temperature 
stress-relief and aging above 1000 F require a protective 
atmosphere to prevent formation of scale. Although 
excess scale can be removed by vapor blasting, this usually 
changes cross-section of the spring and therefore its 
performance. 


How to Decide 


Io choose an alloy one must first determine these 
operating conditions (1) stress; (2) temperature; (3) time 
at temperature; (4) cycling of temperature and _ stress; 
(5) stability required; (6) resistance to corrosives in the 
atmosphere. 

1. Higher stress requires a higher grade of alloy. Stress 
can sometimes be lowered by increasing cross-section 
Although lowering stress can permit substitution of a 
cheaper material, some materials have a temperature 
limitation—beyond this point, they are unsuitable even 
with low stresses. Also, there are other practical limita- 
tions on space and weight. 

2. Higher temperatures and longer time at tempera 
ture call for better grade of material. 

3. Stability can be expressed in percentage of the 
initial spring force that the spring is allowed to lose. 
For more stability, choose the better alloy. For example, 
an application that allows a 2% change in load requires 
a more stable material than one where the spring is 
still satisfactory after a 15% relaxation. 

4. Corrosive atmospheres under 1000 F usually do 
not alter the spring material itself. Above 1000, ferritic 
alloys lose their strength when oxidizing atmospheres 
decarburize the surface; austenitic alloys become embrit 
tled by carburizing atmosphere; nickel alloys, though 
unaffected by reducing atmospheres, become brittle even 
when small amounts of sulfur contaminates are present 
Actually, most hi-temp springs are shielded from com 
bustion atmospheres and the effect of the altered surface 
layers are less at high temperatures because of lower 
design stresses in such springs. 

A practical way to choose an alloy is to compare the 
proposed materials with one already serving in a similar 
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HOW THE ALLOYS RANK 


: SE SS 
For Hi-temp 
Stability 


For 


(times cost of 302 stainless steel) 





Rene 4] 
$816 

NS-25 
Inconel X 
A286 

PH 15-7 MO 


Alloy Temper 


17-7 PH (2x) 
PH 15-7 MO (2.5x) 
A286 (3x) 
Inconel X (7x) 
Rene 41 (25x) 
$816 (30x) 

NS-25 (40x) 


Relaxation after 


100 hr at 600 F, % & 


Hardening Shear stress, psi 
Treatment 20,000 40,000 





17-7 PH Spring 
17-7 PH Spring 
17-7 PH 30% 
17-7 PH 15% 
PH 15-7 MO Spring 
PH 15-7 MO 30% 
NS-25 (L605) 30% 
Inconel X 15% 


1 hr 


16 he 
16 br 1 
16 hr 
16 hr 
16 br 
16 hr 1 


| CO--eeENN 
UewWOooOonceo@ 


Sea So 


application. Then use table at left—giving temperature 
stability ranking and the relative cost—to narrow down 
the materials to test. For example, if 17-7 PH is be- 
ing used and more stability is required in the same 
general price range, PH 15-7 Mo or A286 should be 
tested. If the present material is Inconel X, and a lower 
cost is wanted, A286 or PH 15-7 Mo may fill the bill 
if stresses are low or some stability can be sacrificed. 

This rating for high-temperature stability is only a 
general guide. Under certain specific conditions, A286 
is superior to all the others; for other conditions, NS-25 
is best. 

Economy rating of the spring alloys is given in increas- 
ing order of price compared with 302 stainless wire. These 
vary somewhat in a range depending upon the size of the 
wire required as well as for the application itself. For 
example, for short-time service, Inconel X and higher 
alloys need not be ground, thus lowering their cost con- 
siderably. 

Generally, Inconel X is a good starting point because 
hot-spring data is most complete for this material. Also, 
its temperature span cuts across the entire gamut from 
600 to 1400 F and it is much cheaper than the next 


ELEVATEC-TEMPERATURE RELAXATION 


(of Inconel X, helical-coil springs: No. 1 temper—15% cold reduction— 
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class of exotic superalloys. These, in wire form, sell for as 
much as $30 to $50 per pound. 


Selection of Alloy Temper 


The full-hard spring temper normally specified for 
spring materials is not the best for maximum stability 
at high temperatures. For temperatures below 450 F, 
best choose the highest tensile strength for maximum 
load-carrying. As temperature rises, design stresses must 
be decreased to avoid excessive creep. Cold working 
lessens stability under heat, but is pieferred at lower 
temperature because it increases tensile strength. But 
there will be a temperature where the advantages of more 
cold working and less cold working will have to be 
weighed. For example, at 600 F 17-7 PH with spring 
temper is more stable. At 650 F the 30% reduction is 
better. PH 15-7 Mo with less cold work becomes more 
stable at 700 F. Keeping the design stresses below the 
yield point also gives more stability. Annealed material 
that is precipitation hardened has better stability at high 
temperatures. 


RECOMMENDED TEMPERS 
Operating temperature, °F Alloy, %, reduction 





300-600 Spring temper or 30% 
600-900 30% or 15% 
over 900 15% or annealed 


Overaging—aging at higher temperatures than normal— 
is another way to try to increase stability, even though 
it may lower other properties to an even greater extent. 
Sometimes, in an alloy that needs only slightly more 
stability, the simplest way is to try increasing the aging 
treatment by 100 to 200 F. 

The tests described above were at a given temperature. 
But the preferred order for stability may change with 
temperature. For example, NS-25 tends to be better than 
Inconel X at higher temperatures, but at 600 F it is 
less stable. Therefore, if temperature fluctuates, it would 
be important to know the proportion of time at high 
and low temperatures. 

Moreover, the tests were at relatively short time, and 
relaxation was measured at room temperatures after 
exposures to high temperatures—therefore can only help 
predict long-time performance. Because the austenitic 
A286 takes a fairly large initial set, its short-time per- 
formance does not predict good long-time properties. 
But once it takes an initial set, the amount of relaxation 
levels off and under certain conditions can be less than 
that of Inconel X or NS-25. 


FOR REPRINT of above articie, just check P 30 on one of the 
Reader Service cards bound in this issue. 
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best SPRING MATERIAL 
for HIGH TEMPERATURE 


EDITOR'S NOTE: How well a chosen 
spring material will absorb energy de 
pends upon its shape. For additional 
design information, see: 

Your Guide to Springs that Store 
Energy Best, Nov 10, 58, p 71. Tables 
and equations compare 13 spring 
shapes for best energy absorption 

How to Design Multi-rate Helical! 
Springs, Jan 20 ‘58, p 76. When con 
stant stiffness of a helical spring is a 
disadvantage, springs can be assem 
bled in series to give a rate that varies 

Helical-spring Design Chart Gives 
Quick Answers for Stee! Springs, Jan 
19 '59, p 98. When you know deflection 
rate, total load, max stress, and coil 
dia, this handy nomograph gives an 
swers for wire dia, number of coils, de 
flection. 

How Much Force to Defiect a Spring 
Sideways?, Jan 5 ‘59, p 71. Formulas 
give force and stress when a lateral 
load deflects a vertically loaded spring 


(continued ) 





Worm’s-eye view .. . 

of }-ton M-151 and 3-ton M408 shows 
large number of interchangeable parts 
hese include the entire front suspension 
which may be removed as a unit—also the 
differentials, steering linkage, springs, 
\-frames, half-axles, universal joints. Other 
interchangeable parts include the propel 
ler shaft, wheel hubs, steering knuckle, 
shock absorbers, mufflers, brakes, and all 
body sheetmetal forward of the rear 
wheels. Principal differences are tires, ring 
and gear sects for differential, and the use 
of leaf springs in the M408 rear sus 


pension of the vehicle 


Interchangeable Parts 


Breed Family 
Of Army Vehicles 


The design concept here counts on common 
components to reduce problems of production and supply, 
and speed maintenance in the field. Photos give 


two views of the jeep-style Ys-tonners. 
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Generotor 


(D) 


Package concept . 

for easier field maintenance emonstrated here A) & B 
by power pack consisting of radiator, engine, transmission, and 
transfer case. A separate assembly comprising these units may be 
replaced, using standard tools, in 35 min. in the field. Quick 
disconnect fittings and large access plates permit the power pack 
to be disconnected rapidly and lifted out of the vehicle. 

Front-end package (C) is based on box-sectioned crossmember 
which mounts all suspension parts, the differential, and the wheel 
driveshafts. The crossmember is connected to body 
welded to the side rails by 16 bolts and nuts. Other suspension 
features which ease supply problems include interchangeability 
among: all wheel-spindle bearings. brake shoes and drums, front- 
axle shafts or rear-axle shafts, and rear-spindle supports 

Service brake package (D) consists of a hydraulic master-cylinder 
mounted in a bracket under the dashboard. Suspended pedals 
for brake and clutch are mounted on the standard bracket 


brackets 
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(B 


Ostributor—cor y 


Front tifting eye 


PS First of a new group of heavy-duty military vehicles, M-151E1 
and M-151E2 are Va-ton 4 x 4 passenger and cargo vehicles 
Approximately 85% of the ‘\4-tonner’s service parts can also be 
used in the 34-ton 6 x 6 and |-ton 8 x 8. Aluminum body of the 
E2 model reduces the dry vehicle's weight 262 Ib to 1811 Ib. Bodies 
were designed so thot either aluminum or steel stampings can be 
produced from the same dies. Nicknamed “MUTT” (Military Utility 
Tactical Truck) the vehicles are produced by Ford with the help 
of approximately 65 subcontractors. For more on the program, see 
PE—Sep 21 ‘59, p 2! 








PRODUCT DESIGNS 











Dual Diaphragm 


Simplifies Fuel System 


By doing away with the conventional float 
mechanism it allows holding this cnain saw at 
any angle. Gasoline is fed by a unitized com- 


bination of fuel pump and carburetor. 


Throttle 
\ 


Aw 


| 2” idle ~byposs 








/* /dle-bypass 


/mpulse chonnel 








ldle adj. 
screw : 
Main diophragm 











Fuel valve 
“Fuel volve 
needle 
Vent 


Check valve 
Pump diophragm 


idling occurs .. . 

when throttle is closed. Suction on engine side of throttle draws air down 
through the 2nd idle-bypass. It mixes with fuel and is discharged through the 
Ist idle-bypass to the engine. Engine crankcase pulsation, which reach the 
pump through the impulse channel, actuate the pump diaphragm. This draws 
fuel up through the strainer screen. A check valve at each side of the pump 
chamber restricts fuel flow to one direction. Fuel passes through inlet supply 
channel to the fuel valve. 

Meanwhile, pressure in chamber surrounding the fuel valve is lowered as 
fuel is discharged through the first idle-bypass hole. Atmospheric pressure on 
lower side of the main diaphragm causes it to rise, lowering the fuel-valve needle 
and replenishing the gasoline supply. When chamber is filled, the diaphragm 
lever spring closes the fuel valve. The idle-adjusting screw controls engine 
idling speeds. 
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Venturi Main nozzle 


Saw operates at full power . 

when the throttle is wide open. This creates a 
partial vacuum in the carburetor bore and causes 
fuel to discharge through both idle-bypass holes 
and also the main nozzle—providing the maximum 
volume of fuel-air mixture for maximum power. 
The main adjusting screw supplies the precise 
setting required for the best air-fuel ratio 


= = a 
| Ps. ..Besides allowing all-position sawing, the 
balanced-diaphragm system reduces fire hazards— 
without gravity flow of fuel there is less chance of 
gasoline spillage. The 2-cycle chain saw is pro- 
duced by Pioneer Sows, Waukegan, Ill; the fuel | 
system is produced by Brown Engine Products, 
Danbury, Conn. 
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2... Organization is the key 


Basic structures of a speech and a 
written report are the same—the prin- 
ciples have already been covered in 
“Eight Steps to Better Report Writ 
ing” in Propuct ENGINEERING (re- 
print available on request). It is essen- 
tial in both to be simple for clarity. 
Don't try to impress your hearers with 
pompous, pedantic language; you'll 
end up mentally muscle-bound. Be- 
ware of the “scientific style,” but suit 
the approach to the occasion. 

Let’s try this for size. Here are 
some facts: 

Archimedes, entering his bath, sees 
it overflow and realizes that a body im- 
mersed in a fluid displaces its own vol- 
ume. Thus he has found a way to test 
the genuineness of gold in the king’s 
new crown. (Archimedes’ actual re- 
port, delivered nude at a dead run, 
was “Eureka!”’—I have found it.) 

See if you can do better, starting a 
speech to: (1) his wife, (2) the king, 
(3) the people, (4) shipbuilders, (5) 
engineers, (6) mathematicians. 

Our solutions: (1) I am sorry I 
flooded the bathroom, dear, and 
ashamed that I ran naked through 
the streets. But, you see, the king 
gave me a problem | couldn’t solve 
and I was afraid we'd lose our con 
tract. But I’ve just figured out a way 
to solve it, thank Zeus .. . 

(2) O mighty Hieron, king of Syra- 
cuse, thou in thy wisdom hath been 
right. The goldsmith hath indeed 
cheated thee. Thy crown has been 
cheapened with silver, and I can 
prove it... 

(3) Your king has been cheated by 
the goldsmith Oelon, who has mixed 
silver with the gold in his new crown. 
Hieron, the All-Seeing, suspected this 
and ordered me to devise a test. This I 
have done... 

(4) You have used my screw to de- 
water your ships, my burning-glass to 
fire the Roman galleys, my lever to 
move a laden caravel by hand, Thus 
you know I speak truth when I say 
that these mechanisms have but lit- 
tle importance beside a basic scien- 
tific discovery by which I can weigh 
ships, with and without cargo . 
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(5) Volume of an irregular object, 
as well as its composition, can be de 
termined by two new hydrostatic prin 
ciples which I shall demonstrate. The 
principles are: (1) A body immersed 
in a fluid displaces its own volume; 
(2) a body immersed in a fluid loses 
as much weight as an equal volume of 
the fluid. 

(6) To determine the volume of 
an irregular object, immerse it in fluid 
The volume of fluid displaced will be 
that of the object, V, = V,. Further, 
the body will lose as much weight as 
an equal volume of the fluid, thus 
WwW, — W, = W,. 

It’s a matter of organization, as you 
can see. Opera-lover or not, remem- 
ber the title AIDA: Attention, Inter- 
est, Desire, Action. This is a good 
structure for any talk—technical, sales 
or social. 

Attention: Make a simple state 
ment of your subject that will show 
how the audience will benefit by 
listening (note the preceding exam 
ples). This can be a single sentence, 
shouldn’t be more than a paragraph, 
even if you're a story-teller. Beware 
of the “I am reminded of a story 
. ++” techniques of the old vaudevil- 
lian and after-dinner speaker; they 
don’t do that any more. 

Interest: Ask rhetorical questions 
that you are going to answer; promise 
the listener, directly or indirectly, that 
he'll gain by listening; show him how 
he personally will benefit. This is 
the “bridge” that connects introduc- 
tion and body of your speech, talk or 
paper. 

Desire: Arrange your points so the 
listener is impelled to do what you 
want: believe you, follow your lead 
or whatever. This section must be 
connected in thought; the listener 
can’t go back or look ahead as the 
reader can. Sum up each idea as you 
go along and show its connection to 
the next one. Follow the old preach- 
er's admonition: Tell em what you're 
going to tell ‘em, then TELL 'em, 
then tell ’em what you told ’em. 

Action: This is the summary, and 
should be short. In a technical paper, 


it will consist of subordinate conclu 
sions leading to the main one. In 
other talks, it may be the “sales 
pitch,” the final statement of what 
you want the audience to do or be- 
lieve. It should be simple, positive, 
introduce no new ideas 

Lastly, be human. Life is never a 
logical series of steps to a perfect con- 
clusion. Your presentation should in- 
clude at least a little of the frustra 
tions, the wrong starts, the tries that 
failed. That makes you human, just 
like your listeners, who have their frus 
trations and troubles too. Show what 
other avenues have been explored, 
thus how thoroughly proved your re 
sult is. Never forget the virtues of the 
parable or case study that Jesus and 
Lincoln used so effectively to convey 
their personal messages in memorable 
form. The anecdote, and colorful 
words and phrases, have their place 
too: “fourscore and seven” instead 
of “eighty-seven,” for example. 

You now have a paper. Next week 
we convert it into a speech 


A reprint will be available including all 
seven lessons in this series. To get your 
copy, circle P42 on Readers Service Card 
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When metals corrode, 
lenses become frosted, 
electrical insulation fails, 

fungi may be the 

unsuspected culprit— 

even as far north as Alaska. 
Here’s how to cope 
with this serious, often mysterious, 
challenge to design 


FUNGI 


aqre your product 


probiem ANNESTA R GARDNER, ossociate editor 


Fungi are tiny, parasitic molds that are not just a tropical problem. They 
are a serious product hazard in temperate zones as well. 

But designing products to resist fungus damage is a complex matter. A lot 
of complaints about “rusted metal,” “discolored finishes,” and even “scratched” 
glass could be eliminated if the real cause—fungi—were recognized. But, there 
are upwards of 10,000 kinds of fungi—and 10,000 ways to deal with them. 


The Parts They Attack 


The extent of the mold-and-mildew problem is indicated by a rundown 
of parts and materials susceptible to fungicidal action. The Signal Corps, for 
instance, has listed more than 150 of them, including capacitors, sockets, 
soldered joints, terminal boards. Furthermore, the Signa! Corps finds, “under 
the proper conditions of humidity, temperature, and pH, fungi may grow on 
almost any surface. 

“It has been demonstrated that, under proper moisture conditions, fungus 
spores which are present on clean glass are able to grow sufficiently to be 
troublesome by using only the stored food which is present in the spores 
In addition, their products of metabolism may etch glass surfaces.” 
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Where FUNGI Can Grow 


Fungi can be a serious problem in all 
of the areas outlined above, from South- 
ern Mexico up to Alaska in the west and 
to the St Lawrence region in the east 
What kind of problem? .. . 

In Philadelphia, Navy tests showed 
a lowering in the electrical insulation re- 
sistance of stored vinyl sleeving though 
there was no apparent change in the ma- 
terial itself. 

In Seattle, aircraft groups reported 
trouble with clogged fuel filters, though 


the fuel itself had been carefully filtered 
before use and, to all appearances, was 
thoroughly clean 

. Last summer, New Yorkers found 
their radios sputtering and dying though 
tubes and circuits seemed good. 

A few years ago, perhaps all these 
would have been attributed to design or 
manufacturing errors, to misuse, accel- 
erated injury, or some other “mysterious” 
cause. But, in every case, the trouble was 
traced to fungi. 


It is true that fungi do not usually become a serious 
problem unless there is at least a moderate amount of 
But “heat” and “humidity” are rela 
tive terms. The area in which fungi can and do constitute 
a problem extends ali the way from the tropics to Alaska 


heat and humidity 


(see map). 

(he optimum temperature for fungus growth is 60 to 
35 F; but fungi have been found growing at temperatures 
Fungus spores 
will stay alive at even 


is low as 35 F and as high as 125 F. 
“seeds” from which fungi grow 
lower and higher temperatures, though the fungi won't 
actually flourish. But they're ready to spring into action 
the minute the right conditions appear. They'll exist in a 
vacuum too; and are so small they defy detection. 


The Design Answer 


What, then, can be done about fungi? Basically, there 
ire three approaches 


1. Eliminate anything on which they might feed 


2. Apply fungicidal treatments 
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3. Seal the product to keep out monsture 


always a desirable goal, but rarely a full 


The first is 
ittainable one 

The second is an aid rather than a complete solution 
and may have undesirable side-effects 

The third, hermetic sealing or encapsulating, is effective, 
but limited in application. When it can be used, it has 
virtually eliminated the need for fungicides. The Signal 
Corps, for instance, now specifies hermetic sealing in pref- 
erence to either of the other approaches; and such small 
components as capacitors and potentiometers present lit- 
tle or no fungus problem today. But for larger items—and 
for the housings which enclose the sealed components, 


the straps by which they are suspended, and the tapes 


and charts used for recording data—this solution is not 
possible and the other approaches must be considered. It 
not an easy job 

Materials which start out fungus-resistant may be mad 
fungus-prone by treatments during processing 

Materials completely inert to direct attack may be at 
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tacked indirectly by fungus-produced by-products. 
Fungicidal treatments may alter physical and electrical 

properties, particularly since many of them contain metal 

lic elements which may considerably alter the electrical 


insulating abilities of dielectrics. Furthermore, com- 


pounds which kill fungi or inhibit their growth when used 
alone, may be totally ineffective when incorporated in 
other materials. Many of the “best” fungicides, too, are 
volatile materials that lose their effectiveness in a relatively 


short time. 

Speaking of organic coatings for printed circuits, Ben- 
son G. Brand of Battelle Memorial Institute says: 

“The fungus does little actual physical damage to the 


MAGNETIC TAPE LOOKS LIKE THIS after 
six months’ exposure to warmth and 
humidity. Fungi have almost completely 
destroyed the tape backing, producing a 
thick, puffy mass that bears almost no 
resemblance to the original material. 

It's typical of the damage these 

parasitic plants can cause 


coatings. But it tends to limit their dielectric properties 
by encouraging the retention of moisture on the surfaces 
and itself serving as a conductor. 

“Some measure of protection against such growth has 
been achieved by incorporating, into the coating film, 
compounds such as phenyl mercury oleate that are toxic 
to the fungi. However, these materials tend to lose their 
effectiveness gradually, thus only delaying development 
of the fungi and the almost inevitable malfunctioning of 
the electrical circuit.” 

For all these reasons, a mere listing of available fungi 
cides has little value in product design. The best answer 
is to specify a fungus-resistant material and then test it as 
it is used. DuPont, for instance, now offers a special mil 
dew-resistant enamel. Borden Chemical Co has fungus 
resistant and vinyl insulation sleeving. Bourns Inc has a 
full line of fungus-resistant potentiometers. 

However, even though you may not specify a par 
ticular fungicide, it’s a good idea to be familiar with at 
least a few of the more important names. 

The best-known fungicide is copper-8-quinolinolate 
It came into prominence during World War II and is still 
widely used on textiles and on a good many other non 
electrical products. 

Other frequently used compounds include salicylani 
lide and chlorinated phenols. 

Coming up are a number of organometallic compounds 
(PE—July 21 ’58 p 18); among them, the tributyl tins 
The tin compounds are particularly interesting because 
they seem effective in a wide range of materials. 

But none of these can be considered the “perfect” or 
final solution. 


The Gaps to Be Filled 
Perhaps the best indication of the current status of 
fungicide development is the fact that the current list of 
Inventions Wanted by the Armed Forces includes almost 
a full page on fungicides, and makes the following flat 
statement: 
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TERMINAL BLOCK from 
sports heavy fungus beard after two 
months’ exposure to optimum fungus 
producing conditions. Even when 
growth itself does little harm, it can 
deposit organic materials that may 
result in electrical arcing and tracking. 
This is a Bell Telephone Lab photo 


radio set 


“No fungicide is available that is colorless, compatible 
with other components of a finish, stable to chemical 
change and actinic radiation, resists leaching, is nontoxic 
to humans, and economical both with regard to effective 
concentrations and cost.” 

Furthermore, says the report, “New test methods are 
needed to determine the efficacy of fungicidal treatments. 
None of the test methods presently available adequately 
determine evenness of deposition of fungicides to ensure 
that all areas are thoroughly impregnated with the fungi- 
cides.” 

Still, despite all the unanswered questions, there are 
ways to get around the fungus problem, and ways to test 
their effectiveness. For a quick survey of fungicide re- 
quirements and test systems, a good place to start is 
with such military specifications as: MIL-F-13927 (Ord), 
Fungus Resistance Test, Automotive Electrical Compo 
nents; MIL-E-5272, Environmental Testing. 


Design Checklist 


Then, check your design for points like these: 


© Choose materials with low moisture absorption when- 
ever possible since these, in general, are less subject to 
attack. They do not carry humidity with them. 


@ Use hermetic sealing whenever possible, but make 
sure that the sealing area is kept to a minimum to reduce 
danger of leakage. 

@ Where hermetic sealing is not possible, consider use 
of gaskets and other sealing devices to keep out moisture 
but be sure they do not contribute to fungal activity; and 
watch out for “breathing” that may admit moisture 

e Try impregnating or encapsulating materials with 
fungus-resistant hydrocarbon waxes and varnishes 

@ Be careful about placing corrodable metal parts next 
to treated materials; metal parts 
placed between materials that might support fungal growth 
and deposit corrosive waste products as they grow across 
the gap. 

@ Where 
do not contribute to corrosion, or alter electrical or physi 
cal properties. 

It’s a big problem; but one that can be solved—and 
the biggest step towards solving it is recognizing that it 
exists. 


and watch glass and 


treated materials are used, make sure they 


FOR REPRINT of above article, just check P 29 on one of the 
Reader Service cards bound in this issue 


Where to get help on fungus control 


There are more than 10,000 fungicides and over 100 
companies produce such compounds commercially. 
Most, however, concentrate on agricultural, wood, 
and textile applications. Among those which supply 
industrial fungicides, and are developing new ones, 
are these: 


Advance Solvents & Chemical, New Brunswick, NJ. 
Allied Chemical & Dye Corp, 42 Rector St, NYC. 


Antara Chemicals, 435 Hudson St, New York i4. 


F W Berk & Co. Inc., Park Place Hast, Woodridge, NJ. 


Buckman Labs Inc, 1256 N McLean St, Memphis 8. 
Dow Chemical Co, Midland, Mich. 

E | du Pont de Nemours & Co, Wilmington 98, Del. 
Gallowhur Chemical Corp, N Water St, Ossining, NY. 
Koppers Co Inc, Wood Preserving Div, Orrville, Ohio. 
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Metalsalts Corp, 200 Wagaraw Rd, Hawthorne, NJ 

Metal & Thermit Corp, 200 Park Ave, New York 17. 

Monsanto Chemical Co, Organic Chemicals Div, 800 
N 12th Blvd, St Louis 1, Mo. 

Norton Chemical Works, 45 N Broad St, Ridgewood, 
NJ. 

Nuodex Products Co Inc, 802 Magnolia Ave, 
beth, NJ. 

Onyx Oil & Chemical Co, 
Jersey City 2, NJ. 

Oronite Chem Co, 200 Bush St, San Francisco 20. 

Rohm & Haas Co, Washington Sq, Philadelphia 5. 

Scientific Oil Compounding Co Inc, 1637-55 South Kil 
burn Ave, Chicago 23. 

R T Vanderbilt Co Inc, 230 Park Ave, New York 17. 


Eliza- 


Warren & Morris Sts, 





STAFF 
REPORT 


a guide to choosing and using .. . 


MODERN FLUIDS 


for power and control 


Hydraulic power-and-control fluids are available in abun- 
dance—one for almost every need—but how do you find 

the right one? Even the fluid manufacturers admit their 
catalogs cannot keep up wth the labs. One answer—given 
here—summarizes the basics underlying all such fluids, and 


supplies charts of typical properties. 


FRANK YEAPLE, associate editor 


‘Today there are power-and-control fluids engineered for almost any purpose 
But the fluid types are so numerous, their properties so dependent on how the 
fluids are used, that manufacturers’ catalogs can’t give all the answers. This is 
why making a correct choice takes a team: design engineer; fluids expert; 
and the ultimate user. But only you—the design engineer—can finally decide what 
performance is essential to proper equipment operation, and what compromises ar 
acceptable. 

To help you, here is a guide summarizing the hydraulic basics, pointing out 
typical characteristics of general fluid types, but avoiding extensive detail 
It helps you make a first guess before calling in the fluids expert for final help. 


Matching Fluid to Job 


Stating the selection problem in consistent language comes first. In sim 
plest cases this is done by expressing needed system performance in terms of 
measurable fluid properties. For example, system flow and 
response are dependent on viscosity, density, vapor pres 
sure, air solubility and bulk modulus. Additional proper 
ties not directly related to performance, but sometimes 
essential for safety, convenience and long life, are: fire 
resistance (if necessary), compatibility, fluid stability (tem- 








ACKNOWLEDGMENT: The material in this article is based 
on papers and talks given at two recent fluid-power con- 
ventions: National Conference of Industrial Hydraulics 
(NCIH); and National Fluid Power Association (NFPA). We 
thank R. L. Leslie and W. W. LeRoy of Vickers Inc for their 
graphs and detailed data on fluid properties, and Thomas 
Smith, Celanese Corp, for his concise evaluation of fire- 
resistant filvids, including the table of compatibility. 
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perature, pressure, radiation, etc.), lubricity, leakage, dirt 
purging ability and cost. 

But it is not always possible to express performance 
in simple numbers. In almost any system that has a 
pump or relief valve, localized flow is complex and it is 
difficult to predict peak pressure loadings, maximum tem 
peratures and other conditions peculiar to a particular 
installation. The answer, although not covered in this 
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Viscosity Conversion 


Kinematic viscosity, centistokes 
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article, is to test the fluid in a setup that duplicates or 
simulates expected field conditions 

The fluid finally chosen will most likely be one or a 
special combination of some of these common types: petro- 
leum (naphthenic, aromatic, paraffinic, inhibited, unin- 
hibited ); water; glycol (glycerin is a glycol); phosphate or 
silicate ester (an ester is formed by replacing the acid 
hydrogen of an acid with a hydrocarbon radical); and 
various hydrocarbons (chemical compounds containing 
only carbon and hydrogen). Silicone fluids are not com- 
mon in ordinary industrial hydraulic systems, but find 
many applications in special circuits and devices, such as 
fluid springs, damping pistons, fluid couplings, and some 
power transmission units. These fluids have exceptional 
thermal stability. (see “Liquid Spring”, PE—Aug 17 59, 
p 54). 

Many variations of the above fluids are possible-—chlor- 


PRODUCT ENGINEERING - JANUARY 18, 1960 


Viscosity Change With Pressure 
( petroleum oil ) 


b 


4 
O 20 40 60 80 100120140 I60 i80200 
Temperature’F 


@ VISCOSITY IN SSU is an accepted way to express kine 


matic viscosity of fluids for values of 100 SSU and above 
that the relationship 


(centistokes) and SSU 


Below value, between true kinemati« 


viscosity 
scale. 


units is not linear on this 


b PRESSURE AFFECTS VISCOSITY of petroleum oils 
particularly at elevated pressures 
For most hydraulic fluids, viscosity will increase by 10 to 25% 
if pressure is increased from atmospheric to 1000 psi. Increase 
will be 30 to 70% 


(values are approximate) 


from atmospheric to 3000 psi. 


C TEMPERATURE AFFECTS VISCOSITY in widely differ 
ent even though the fluids selected for 
have identical viscosities at 100 F. None of the fluids are 
limited to the levels shown, however. Silicone fluids, for ex- 
ample, are available with viscosities ranging from less than 
1 to over 1,000,000 centistokes. 


ways, this example 


inated hydrocarbons, for example. However, knowledge 
of chemistry is not essential, because the manufacturer will 


help select the exact type and grade to meet the need 


These Properties Affect Performance 

Viscosity and density together determine pressure loss 
for a given flow (see “Pressure-drop Calculations,” PI 
June "54, p. 197). Viscosity is frequently expressed in 
SSU (Saybolt Universal Seconds) units, a measure of the 
time it takes for 60 cc of oil to flow through an orifice 
0.176 cm dia and 1.225 cm long. 
graphs, SSU is related to kinematic viscosity, in centi 
stokes. Values of viscosity as well as specific weight arc 
given for several fluids. Kinematic viscosity in centistokes 
equals absolute viscosity, in centipoises, divided by mass 
density. 

The slope as well as position of each viscosity-vs-tem 


In the accompanying 
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Densities of Typical Fluids, Approximate @ DENSITIES VARY not only with temperature (shown) but 
also with differences between fluids of the same type (not 
depicted—only one representative example of each fluid type 
is given) 


LS 
o ior, 


b VAPOR PRESSURES of water-based fluids are relatively 
high, magnifying the tendency to cause cavitation at pump 
inlets, particularly at high temperatures 


c &d AIR SOLUBILITY at any given pressure is the ratio 
of dissolved air volume (converted to 32 F and atmospheric pres- 
sure) and volume of fluid. Air released is actual volume of ail 
that would come out of solution if petroleum oil, saturated 
Woter- oul emujsion with air (at atmospheric pressure, for two different tempera 
tures) was then subjected to reduced pressures. All data are 
Ctroleup, “a for equilibrium conditions. 


a @ AVERAGE BULK MODULUS of each fluid during a given 
0F9 80 100 120 140 160 (80 200 pressure increase is the pressure change in psi, divided by 
the percent compression expressed as a decimal. The average 
modulus for a typical petroleum oil from zero to 20,000 psi is 
Vapor Pressure of Typical Fluids 20,000/0.061—about 328,000 psi. For the silicone fluid shown 

(approximate) (100 centistokes at 77 F) the average modulus is 20,000/0.11- 
<4 ! Be about 182,000 psi. 
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perature curve is important—a flat slope indicates a large 
allowable temperature change before exceeding minimum 
and maximum values of viscosity. The term Viscosity 
index (VI) was invented to compare those slopes. It is 
based on two standard oils that have been given arbitrary 
values of zero and 100 VI, respectively, not plotted here. 
The zero VI is for the steeper slope (a naphthenic-petro- 
leum oil, sensitive to temperature changes); the 100 VI 
shows less sensitivity to temperature (a paraffinic-base oil). 
Today's fluids range in VI from negative to over 200. 

Although viscosity is usually considered constant for a 
given temperature and pressure regardless of the flow, 
it is sometimes greatly influenced by the rate of shear. 
In fluids that have large-polymer molecules, rapid shear 
rates temporarily lower the viscosity—suggesting that the 
very-long-polymer molecules align in direction of flow. 
Permanent damage can also occur if there is high flow 
through small clearances. This tends to break down 
large molecules into smaller ones 

Density not only influences flow rate and pressure drop, 
but also affects the natural frequency of a system. This 
frequency is proportional to the square root of the mov- 
ing mass. 

Vapor pressure of the fluid, if too high, will cause gas 
pockets to form in areas of low pressure—such as in the 
inlet of a pump (see “Cavitation in Pumps,” PE—Mar 2 
‘59, p 47). The graph shows that water-based fluids have 
fairly high vapor pressure the system temperature 
must therefore be kept low to prevent vaporization and 
loss of water. Non-water-based hydraulic fluids, including 
silicones, have reasonably low vapor pressures. 

Air solubility in many liquids is directly proportional 
to absolute pressure of the system. High solubility is 
undesirable because the air (or other gas) dissolved at 
reservoir conditions may come out of solution at a lower 
pressure (pump inlet, for example). Pump cavitation can 
result. If the reservoir is pressurized, then the problem 
is even greater because more air can be dissolved, com- 
ing out of solution later 

Bulk modulus—the reciprocal of compressibility—has 
units of psi. Bulk modulus is similar in concept to a 
mechanical spring rate, and measures the pressure change 
needed to cause a given percent volume change. The 
higher this modulus, the stiffer the system and the higher 
the resonant frequency. A fast-responding servosystem 
requires a fluid with a high bulk modulus. 


Fire Resistance 


Those fluids that meet stringent safety requirements 
usually sacrifice one or more performance qualities. Best 
known of the fire-resistant fluids are water, water-glycol, 
water-oil emulsions, phosphate esters, and chlorinated 
hydrocarbons, Each type falls into one of two broad cate- 
gories: water-based or non-water-based. 

Water-based types rely mainly on their water for fire 
resistance. Care must be taken to prevent loss of water 
from the mixture. Such loss in the glycol type increases 
the viscosity; but for the oil-emulsion type, it decreases 
the viscosity. In either case, change in viscosity (if noticed 
in time) can warn of a dangerous condition. 
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FLUIDS for 
Power and Control cone) 


Water-based fluids are not usually recommended for 
high bearing loads found in ballbearings and axial-piston 
pumps, or for fluid pressures over 1000 psi. Also, rusting 
may occur if water-based fluids only pcrtly fill a system— 
the water vapor increases oxidation rate on the exposed 
areas. 

The non-water-based types such as phosphate esters 
and chlorinated hydrocarbons are not volatile, and can 
stand extremely high pressures and temperatures to 250 F 
However, they are heavier than water-based fluids (and 
petroleum), and have the disadvantage of high viscosity at 
low temperatures—auxiliary heating is often required for 
outdoor startups. 


Compatibility: Fluid and System 


Hydraulic fluids must not give trouble with seals, filters, 
diaphragms and other materials. The accompanying com- 
patibility table summarizes the conversion problems faced 
when petroleum oils are replaced with fire-resistant types. 
In no instance should a fire-resistant fluid be dumped into 
a system after merely draining the petroleum—although 
this has been “gotten away with” occasionally 

Before changing over to a fire-resistant fluid, be sure 
to completely clean the system. Residual amounts of 
petroleum and sludge can cause emulsion fluids to 
“break,” and water-based materials to emulsify. Replace 
conventional 100-mesh strainers with 50- or 60-mesh 
units rated at 4 times’ pump flow, inste.d of the normal 
14 times’ pump flow. Limit pump-inlet vacuum to about 
5 psi. Do not use fuller’s earth or activated clay filters 
when additives are in the fluid ilthough they work 
well for chemically pure phosphate esters. Change all 
seals and packings where possible to materials that are 
compatible. 
the static-seal change-over until a regular maintenance 
period. Don’t grease O-rings with a noncompatible sub- 
stance. Do not test the system with petroleum oil—use 
the intended fire-resistant fluid 

Ordinary joint compounds will be unsatisfactory. Stick 
to products recommended by the fluid manufacturer. One 
compound acceptable for many fire-resistant fluids, called 
“Loctite,” is made by American Sealants Co. It can be 
applied in drops to the made-up joint; capillary attraction 
draws it into the thread, where it “sets” to become a 
vibrationproof seal. Another acceptable joint sealer is 
Teflon-type tape that can be wrapped around the male 
thread. Upon assembly, the threads cut the tape, forming 
individual gaskets for each thread. These tapes are avail- 
able from Minnesota Mining and Manufacturing Co, 
Fluoro-Plastics Inc, and Friesland Plastics Co 

Elastomer-type materials suitable for various fluids 
are listed in the compatibility table 


At least change the dynamic seals, saving 


Butyl is the best all-around elastomer for phosphate 
esters, but shows increased swell with chlorinated esters 
and other chlorinated fluids—care should be taken in 
close-tolerance dynamic applications It is unsuitable 
where it may be exposed to petroleum oil in any quantity. 
Usable temperature range is —65 to 225 F. 

Silicone material is recommended for chlorinated fluids 
It has good temperature resistance, but is poorer than 
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Materials Compatible with Typical Fluids 





WATER-BASE NON-WATER-BASE 
PETROLEUM 


OIL 





Oil-water 
Emulsion 


Water-glycol 
Mixture 


Chlorinated 
Fluids 


Mixtures 
of Both 


Phosphate 
Esters 











Seals and Packings Neoprene, 


Buna N 


Neoprene, Buna N, (no cork) Silicone, Viton, Vyram, Teflon, 


FBA Butyl (with caution) 


Butyl, Viton, 
Vyram, Silicone, 
Teflon 











Consult Fluid 
Mfr. 


Paints Conventional 


Air-cured epoxy per mfr. recommendation 








Pipe-sealing Compound Conventional Special “dopes” such as “Loctite” 





100-mesh wire, 
1% times pump’ 
capacity 


Suction strainers 40-mesh wire, 
4 times pump 


capacity 


50 mesh wire, 4 times pump capacity 





Filters 


Cellulose fiber, 
290-300 mesh 
wire, knife 

edge, or plate 





Glass fiber, 
200-300 mesh 
wire, knife edge 
or plate 


Cellulose fiber, 
200-300 mesh 
wire, knife 

edge, or plate 


Cellulose fiber, 200-300 mesh wire, knife edge or 
plate type (fuller's earth or micronic type may be 
used on non-additive fluids.) 





Metal parts Conventional 











Avoid galv., 
zine and cad. 
plating 


Conventional 











butyl in tensile strength, tear and abrasion resistance—so 
needs care for dynamic sealing applications. Available 
temperatures range from —100 to 500 F. 

Vyram is a trade name for an acrylic elastomer. It is 
suitable for all non-water fluids including petroleum, per- 
mitting fluid change without seal change. It is not suit- 
able where exposed to water in any quantity. It can be 
used from —40 to 275 F. 

Viton A is a fluorocarbon elastomer that seems to have 
considerable potential. It is suitable for all types of 
fire-resistant fiuids as well as petroleum. 

Teflon is well known for its chemical and thermal sta- 
bility; however, its rigidity and tendency to cold-flow 
limit its application for dynamic seals. 


Other Requirements 


Fluid stability depends on the fluid’s tolerance to tem- 
perature, pressure, atmospheric oxygen, water, radiation 
ind catalysts. Petroleum oils have good oxidation re- 
sistance, except at high temperature—and oxidation is 
speeded up by the presence of certain metals. In long- 
chain organic compounds, high temperatures will degrade 
the large molecules into smaller ones, reducing viscosity. 


EDITOR’S NOTE: Detailed coverage 


lic Fluids, Nov '56, p 194, gives details 


There are fluids already designed to be stable in almost 
any atmosphere, but usually a sacrifice must be made 
in other properties. 

Lubricity of the phosphate esters is better than that 
for any other fire-resistant fluid, which helps justify their 
higher price. Water-glycol mixtures, unlike the fixed-com- 
position esters, have varying proportions and ingredients, 
depending on the manufacturer. Therefore, the lubricity 
and other properties will vary. All types of fire-resistant 
fluids, however, will give satisfactory performance if applied 
correctly. 

Maintenance and other costs cannot be predicted by 
rules, because high costs in one area—such as initial fluid 
cost—may reduce costs drastically in another. However, 
here are two important considerations. Leakage of fluid 
past seals is influenced by factors such as surface tension. 
Fluids which hold dirt particles in suspension are more 
troublesome than those which let the particles drop 
harmlessly to the bottom of the tank. And, of course, 
the compatibility of a fluid with the system and with 
other fluids it may contact is also a guide to costs. 


FOR REPRINT of above article, just check P 28 on one of the 
Reader Service cards bound in this issue. 


Hydraulic Fluids—Which Rubberlike 


has been given to fire-resistant fluids 
in these previous articles: 

Synthetic Hydraulic Fluids, Dec ‘54, 
p 163, describes testing equipment 
such as the Shell-4-Ball, Almen-Wear, 
Timken-Lubricant, and various tests 
for fire-resistance, oxidation and so 
forth. Fluids tested were Pydraul, Sky- 
drol, tricresyl phosphate and others. 

Changing Over to Fire-safe Hydrau- 
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of cleaning tanks, changing packings, 
controlling temperature, and testing 
system. 

Designing for Fire-resistant Hydrau- 
lic Fluids, Aug °56, p 162, compares 
properties of water-based, synthetic 
and oil-emulsion fluids with those of 
petroleum. 

Compatibility of fluids with seals and 
packings is discussed in For Synthetic 


Material, Mid-Sep 59, p 535. It has a 
complete compatibility table, also in- 
troduces a solubility parameter that 
helps predict solubility and resistance 
to solubility, based on the energy of 
vaporization per cc of molecular vol- 
ume. 

For special fluids in extremely severe 
environments, watch for the article, 
Unconventional Fluids, coming soon. 
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S simple methods measure... 
MOMENT OF INERTIA 


Oscillating and “falling weight’ setups combine 
with simple formulas to give accurate answers 


for complex shapes. 


MA oinent of inertia i gencrally difficult to find when 
one or more of the following conditions exist: Body 
shape is irregular; material density is unknown; parts 
must be disassembled before precise dimensions can 
be found. The experimental methods shown here 
handle all such cases with sufficient accuracy for most 
engineering work. Only requirements: measurements 


f weight and tim ind simple dimensions 





SYMBOLS 


dia, in 

distance, in 

friction torque, oz-in 

gravity, in./sec* 

inertia of test body about symmetry axis, 
oz-in.-sec* 

reference inertia, oz-in.-sec? 

torsional spring constant, oz-in./radians 
length of pendulum, in 

radius, in 

xeriod of oscillation (or time of weight 
Fall , Bec 

weight of test body, oz 

connecting-rod weight, 0z 

reference we ight, oF 














_] 


e——— Thin wire (hk) 





Suction cup, 
lug etc 


Test body 





Oscillation (T) 


1—Torsional Pendulum (when k is known) 
kT 


ir 


J 


PRODUCT ENGINEERING - JANUARY 18, 1960 


BERNARD BRENNER, staff engineer 
Ampex Corp, Redwood City, Calif 








Reference body (J,) 





Test body (/) 


2—Torsional Pendulum (Kk is unknown) 
I’, is period with J, only 
I’, is period with J, and ] together 








Suspension 
cords 











3-—Bifilar Suspension (suspension 
highly flexible 





in this zone, 
Gp stainless steels that 
remain ductile with 
high strength and stability 
Y 


l) In the search for favorable strength-to-weight ratio, high 
temperature alloys have been developed with extreme strength 
up to 1000 F, but at the expense of ductility. 
LY In AM 350 and AM 355, Allegheny Ludlum’s precipitation 
_ l) hardening stainless steels, you have high hardness and stability from 
room temperature to 1000 F,, plus almost twice the ductility! 
These advantages are followed by easy formability using normal 
Mp techniques. AM 350 and AM 355 can be brazed and welded as easily 
as the common stainless steels. They can be spun, formed and machined 
without special preparation. 
AM 350 is available commercially in sheet, strip, foil, small bars and 
wire. AM 355, best suited for heavier sections, is available commercially 
in forgings, forging billets, plates, bars, wire, sheet and strip. 
For further information, see your A-L sales engineer or write for the new 
technical booklet, ‘AM 350 and AM 355.” Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Penna. 


ALLEGHENY LUDLUM 


EVERY FORM OF STAINLESS ... EVERY HELP IN USING IT 
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Test body (e.g. motor 
armoture 


4@—Pendulum (connecting-rod weight _ relatively 
light) 


Rod (W,/ assume cross-section 
uniform 


Weight (w,/ 


se ST piste 


§-Pendulum (connecting-rod weight appreciable) 
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Test body 


Bearings with friction 
torque, f 
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DESIGN FILE 


MOMENT OF INERTIA (continued) 


FR (both ends) 
Oscillation 


(both ends) 


G6—Rocker 





/dentical ends 


7—Iinclined Plane 
Body rolls d in. from rest (without 
seconds. 


WR 


sin 6 
2d 


8—Falling Weight 
Weight W, starts from rest and travels d in. in T 


Frictionless: 
J=W, m(. 


With shaft friction f: 


SOC 





SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 


Binary thumbwheel switch... 
is modular 10-position unit. Requires 4 in 
panel space. Only one number at a time 
Availa 


ble with wafers replaceable in 10 sec o1 


is exposed through bezel window 


with fixed wafers. Removable type switch 
plugs into fixed printed circuit receptacles; 
fixed wafer switch has soldering terminals 
Modular construction permits horizontal 
or vertical stacking. Switch is manually 
operated by } in. thumbwheel available in 
Alumi 
num mounting frames are offered in lengths 


black or colors for each module 


to accommodate up to 16 switches. Chi- 
cago Dynamic Industires Inc, Precision 
Products Div, 1725 Diversey Blvd, Chi- 
cago 14. 


Circle 300 on Reader Service Card 








Rotary valve actuator .. . 

is said to have high accuracy and high 
response for remote or automatic control 
of hydraulic valves and process control 
Low-cost electric actuator, 44 in dia x 5 
in. long, slips on valve stem. Develops 
torque of 125 in.Ib and provides full 
scale control in 1 sec minimum; remote 
control accuracy is one part in 1000. Has 
fully enclosed and lubricated gear trains, 
weatherproof 


construction, choice of 


64 


power supplies and motor with ample heat 
sink to permit continuous operation at 
locked rotor current. May be pushbutton- 
controlled from 115 v, 60 cps supply or 
furnished with dial-type remote positioner. 
Automatic control is usually provided by 
transistor-equipped, printed-circuit ampli- 
fier, which drives motor-control phase 
from last-stage power transistors. Ampli 
fier, when used as remote positioner or in 
automatic control, is furnished in 8% x 
5 Suitable for 
panel mounting or mounting directly to 
frame of controlled machine. Acceptable 
ontrol signals include 3 to 15 psi air and 


5% x 52 in. steel cabinet 


0.5 to 5 milliamp. Price varies from 
$89.50 to $366, depending upon power 
output and response chara 


livery, 4 to 8 wk. Jordan Controls Inc, 
3235 W Hampton Ave, Milwaukee 9. 
Circle 301 on Reader Service Card 


teristics. De 


oo be 


Measuring controller . . . 

combines a photoelectric switching as 
sembly and an electrical measuring instru 
panel unit 
physical interaction between the two func- 
tions. Measuring instrument is available 
in moving coil and single electrodynamic 


ment in compact without 


movements. Moving coil ranges are from 
40 microamp to 60 amp and 10 microv 
to 600 v. Single electrodynamic move- 
ments have normal current of 5 amp and 
voltage of 110, 220 or 440 v. Standard 
Controller consists of 


blue minimum and red maximum control 


accuracy is 1.5% 


marker, with photo resistance attached to 
each marker. Beam of light moves with 
measuring pointer and when measuring 
pointer is lined up with control marker, 
beam enters photo resistance window and 
activates relay outside instrument. Switch 
accuracy is said to be better than 1% of 


scale and value. Min distance between 
control markers is 1.5% of full scale 
value. Available with one control marker, 
also. Measuring pointer is free to indicate 
values over full scale, irrespective of posi 
tion of control markers. Prices vary de 
pending on type of instrument and typ: 
of remote switching assembly. At present 
delivery is about 60 to 90 days. National 
Electronics, PO Box 1237, 
Wyo 


Sheridan, 


Circle 302 on Reader Service Card 


Miniature V4-turn fastener . . . 
has receptacle that measures 0.812 x 0.37 
in. over-all x 0.012 in. thick. Retainer and 
stud are correspondingly proportioned 
Six stud lengths accommodate total ma 
kness of 0.040 to 0.159 in. A 


three parts are made of cadmium-plated 


terial thi 


steel. Fasteners, which offer 0.020 in. griy 
stud length, require }-turn 
Southco Div, 
South Chester Corp, Lester, Penna. 


Circle 303 on Reader Service Cord 


range in each 


to open i-turn to close 


Progressing 
cavities 
; 


j 


Stator 
Rotor 


Helical rotor pumps. . . 

in 24 catalogued models offer deliveri: 
ranging from metering flow to 1200 gph; 
discharge heads range to 300 psi. Only 
moving part is stainless steel helical screw 
rotor that turns within a fixed rubber stator 
having a double internal helical thread 
Resulting pumping action is similar to 
that of a precision screw conveyor; cavities 


(Continued on page 66) 
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one-piece, bronze 
snap-over separator ----> 


News from KAYDON! 
Reali-Slim bearings “off the shelf’ 
...prices slashed up to 76% 


90 sizes — 4" to 12” bore— Type “CP” with new one-piece, bronze snap-over 
” ” , separator — Major applications include machine 
‘/«° to 1 width and cross-section coaiit farm, textile aa dees machinery; printing 
Drastic price reductions — on Kaydon new type presses; pumps and gear boxes; missiles, aircraft and 
“CP” Reali-Slim bearings! Volume production and radar; gun turrets and dozens of related installations 
new bronze snap-over separator permit price reduc- Kaydon bearing engineers are prepared to give 
tions from 33 to 76%, depending on size. you valuable help with technical thin-section bearing 
Save on bearing cross-section and weight — Reali- applications 
Slim is the world’s thinnest radial ball bearing. Many 
sizes of type “CP” are less than 15% of the weight, 
34% of the width and cross-section of comparable, 
extra-light bearings. 


New “CP” Reali-Slim bearing bulletin 
includes prices — gives you full details 
on these 90 sizes of Reali-Slim bearings 


with Conrad deep-groove, ball-radial con 
K y | ] \ struction. Write for your free copy today 
THE ENGINEERIN G 


MUSKECGCONeM™MICHIGAN— — 


All types of ball and roller bearings — 4” inside diameter to 178” outside diameter 
Taper Roller ¢ Rolier Thrust ¢ Roller Radial ¢ Needle Roller * Ball Radial ¢ Ball Thrust Bearings ¢ 4-Point Contact Ball Bearings 
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COMPONENTS « MATERIALS « PROCESSES 


continued 





formed between rotor and stator move to- 
ward discharge end of pump, carrying ma- 
terial being handled. Said to provide posi 
tive displacement, low internal turbulence 
and continuous, uniform flow suitable for 
metering. Also enables pumps to handle 
broad range of materials, from water-like 
liquids to heavy, abrasive slurries and sub 
stances containing relatively large particles 
in suspension. Available with or without 
direct-connected motors. Designed for 
production in quantities of 100 min 
Moyno Pump Div, Robbins & Myers Inc, 
Springfield, Ohio. 

Circle 304 on Reader Service Card 


Programming timer. . . 
measures 2} x 2} x 7 in. but contains 12 
SPDT independently adjustable and re- 
movable load switches. Motor operates on 
115 v, 60 cps power. Time cycle is 90 
sec. Said to withstand vibration of 0.060 
in. double amplitude displacement from 5 
to 55 cps and shock of 30 g for 11 mil 
lisec. Extra large cams, 1$ in. OD, allow 
time settings with accuracy of 1% or 
better. Eagle Signal Co, Moline, Ill. 
Circle 305 on Reader Service Card 


Nylon-plastic conveyor belting 
is loomed of heavy nylon yarn as a com 
plete belt and the space between yarns 
is filled with polyvinyl chloride. Said to 
produce a lightweight, high-strength, fire- 
resistant material that out-performs con- 
ventional rubber conveyor belting. Re- 
ported to be noncorrosive, non-tearing, 
abrasive resistant. Available from stock in 
30 and 36 in. widths, list priced at about 
$7 and $8 per ft, respectively. Russell 
Mfg Co, Middletown, Conn. 

Circle 306 on Reader Service Card 


Thermocouple probe .. . 

measures liquid and gas temperatures in 
1800 F range at pressures in excess of 
2000 psi. Available in various standard 
lengths. Models include those with stain 
less steel sheaths and either covered or 
exposed probes for use with hot gases 
and ceramic sheaths for use with liquid 
metals and acids. Suitable for connec- 
tion to low-temperature Teflon or high- 
temperature MgO cable. Constructed of 
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chromel-alumel or  chromel-constantan 
with §-18NF mounting thread and in. 
hex body. Technical Industries Corp, 389 
N Fair Oaks Ave, Pasadena, Calif. 
Circle 307 on Reader Service Card 


Miniature coaxial switch . . . 
for 50 ohm cable can be directly inserted 
into miniature circuits without adapters. 
Mating connectors are available for appli- 
cation at, above or below 400 mc. VSWR 
is less than 1.2 to 2 kme and insertion loss 
is 0.5 db at 2 kme. Voltage rating is at 
1500 v max, 60 cps, and cross-talk is said 
to be better than 60 db to 2 kmc. Opera- 
tive life is reported to be 50,000 cycles 
min, Weight 14 oz. Microdot Inc, 220 
Pasadena Ave, South Pasadena, Calif. 
Circle 308 on Reader Service Card 


Elastomeric-base adhesive . . . 
is for spray application, high-strength 
bonding of porous and non-porous mate- 
tials. Said to offer wood-to-steel bonds 
with shear strength in range of 400 psi. Ap- 
plied automatically or by hand spraying 
both bonding surfaces to achieve dry film 
thickness of 2 to 3 mil on each surface. 
Films are dried at 200 F and immediately 
bonded under 100 psi. Minnesota Mining 
& Mfg. Co, Adhesives and Coatings Div, 
900 Bush Ave, St Paul 6. 

Circle 309 on Reader Service Card 


Portable plasma flame 
spray gun... 
utilizes electric arc and inert gases to 
produce flame temperature to 30,000 F. 
Despite normal melting temperatures of 
10,000 to 15,000 F, sprayed work is re- 
ported to stay cool. Nitrogen with 5 to 
10% hydrogen is passed through electric 
arc that is confined in bore of nozzle. Gas 
is dissociated and ionized to form plasma 
within nozzle. Both nozzle and gun body 
are water cooled. In general, most inor- 
ganic materials that can be melted with- 
out decomposition can be applied. Coating 
densities run up to 98% of theoretical 
and said to be controlled easily. High- 
fluidity of particles and high-impingement 
velocity bond particles together to produce 
high-density coatings. Absence of air 
eliminates oxidation. Type MB unit is 
$2,000, FOB Chicago. Metallizing Engi- 
neering Co Inc, 1101 Prospect Ave, West- 
bury, NY. 

Circle 310 on Reader Service Card 


Holes of less dia than thickness 
can be punched by rapid-phase tooling for 
metal stampings. Rapid-phase tooling is 
used for production in quantities of 10 
to 10,000 parts. Costs are said to average 


20% of conventional tooling costs. Max 
blank sizes are 14 x 20 in., # in. thick and 
up to 400 ton pressure. All metals are 
available, including laminates and exotic 
metals. In addition, phenolics and other 
non-metals are available from stock. Fed- 
eral Tool & Mfg Co, Dept HL, 3716 
Alabama Ave, Minneapolis 16. 

Circle 311 on Reader Service Card 


Low-cost silicon transistor .. . 
has been developed for application, par 
ticularly in the field of industrial controls, 
where full use of silicon transistors has 
not been possible because of the price 
ratio between silicon and germanium de 
vices. Said to have low saturation voltage 
and good current gain at collector current 
levels to 50 milliamp. Offers 1 microamp 
collector cutoff current, 250 milliw power 
dissipation, and close parameter control 
through —285 to 320 F. Raytheon Semi- 
conductor Div, Raytheon Co, 215 Is 
Ave, Needham Heights, Mass. 

Circle 312 on Reader Service Card 


00.0'0 


19 to 55% greater load .. . 
capacities than obtainab!e with equivalent 
size Conrad type bearings are said to be 
possible with these split-ring radial ball 
bearings. Life expectancy is reported to 
be up to 298% greater. Bearings are more 
rigid, with average of 20% less radial de 
flection and have two to six more balls 
Offered in ABEC-3 and ABEC-5 precision 
grades, bearings are made in extremely 
light, extra light, light and medium series, 
in metric sizes to 85 mm OD. Four 
ranges of internal clearance are available 
Split Ballbearing, Div of MPB Inc, 
Lebanon, NH. 

Circle 313 on Reader Service Card 


Low-pressure cylinders . . . 
for 250 psi air and 400 to 1000 psi hy- 
draulic service are offered in 14 through 


8 in. bores. Wide variety of mountings, 
rod diameters and rod ends. Choice of 
packings meets high or low temperature 
requirements. For added strength, mount- 
ings are welded to one-piece steel heads. 
To prevent leakage, O-ring seal, located 

(Continued on page 69) 
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Luralar 


Still the only pencil 
t can’t smear Myla 

that keeps a point on Myla 

w erases on Mylo 

reproduce f orfect ’, microfilm 


be cleaned wit! 


Fo 


ples 


$s ond 


r free sam 


; 


y¢ irafting problems 
And Duralar Wvailable 
xads and lead holders 
tive special new 

f hardness (K1 to K5) 

t leading engineering and 
jrawing material suppliers 


Another first from 





They broke up the pellet traffic jam... 


with Rockwood 
Ball Valves 


A costly 


large southern synthetic fibre mill was 


and recurrent problem in a 


the jamming of polymer pellets as they 
came from supply hoppers. Source of the 
trouble was the tapered-throat design 
of the valves. Even with valves fully 
open, pellets piled up. In addition, this 
packing-in action caused severe abra- 
sion on the valves. The problem was 
solved by replacement with Rockwood 
Ball Valves. Their 


opening feature now permits pellet to 


straight-through - 
flow smoothly and the wear prob- 
lem has been automatically eliminated 
because Rockwood valves offer no 
more resistance to flow than the pipe- 
line itself 

What’s more, after 
openings and closings Rockwood Ball 


Valves still prov ide 
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hundreds of 


positive leak -prooj 


shut-off means. A _ retainer spring, 


which automatically compensates for 


pressure variations keeps the seat snug 


against the ball and holds tight even 
under vacuum. 

Thousands of Rockwood Ball Valves 
are giving efficient service and cutting 
costs throughout industry — in oil 
refineries, textile mills, paper, chemical 
and rubber plants. 

There are types and sizes to meet 
every requirement in your plant. Write 
today for the illustrated folder on 
Rockwood Ball Valves 


listed by Underwriters’ 


Tested and 
Labor: oe 


Inc. Rockwood Sprinkler Company, 


Division of The Gamewell Compan FULL R 


827 Harlow Street, Worcester 5, Mass. 
EP 


Distributors in principal in 


dustrial areas 


Fig. 254 Type 316 Stainless Steel 











Rockwood Boll Valves are available in pipe 
through 16” in screwed ends 150 |b 
and 300 Ib. flanges. All internal parts are of 


sizes % 


Type 316 stainless steel with spring-compensated 
TEFLON* seats. Recommended for 600 p.s.i 
working pressure and suitable for temperatures 
ranging from—100° F. to 400° F. All sizes are 
available with two retainer springs and two 
Teflon seats 

*DuPont Reg. T. M 


ROCKWOOD 
BALL VALVES 


FLOW 
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continued 


on OD of tube, is confined by head and 
tube so that it will not extrude at high 
temperatures. Checx-seal cushions are said 
to minimize destructive effects of heavy or 
high-speed loads. Hanna Engineering 
Works, 1765 Elston Ave, Chicago 22. 
Circle 314 on Reader Service Card 


Nylon pressure tubing .. . 
is available off the shelf in continuous 
lengths from 0.010 x 0.060 in. min to 
0.280 x 0.500 in. max Material is 
shipped on reels. Garlock Packing Co, 
Div United States Gasket Co, 440 Main 
St, Palmyra, NY. 

Circle 315 on Reader Service Card 


High-pressure piston pump... 
offers working pressure and delivery to 4.2 
gpm at 3000 psi and 90% efficiency. Has 
four bearings located on 44 in. of 6-in 
shaft. Positive displacement pump is said 
to have long life and low noise level. Over 
all size is 33 in. dia x 84 in. long; weight 
is 124 Ib. Mark Hydraulic Co, 3707 N 
24th St, Omaha, Nebr. 

Circle 316 on Reader Service Card 


Motor-load indicator . . . 
for single- or three-phase, 50- or 60-cps 
induction motors is designed for use with 
5-amp current transformer. Measures use 
ful or working component of load cur 
rent. Meter is calibrated for 190 to 280 
v or 350 to 550 v. Flush-mounted case 
may have either 4 in. sq or 44 in. round 
mounting flange. Westinghouse Electric 
Corp, PO Box 2099, Pittsburgh 30. 
Circle 317 on Reader Service Card 


2-circvit pushbutton switch . .. 
is designed especially for punch presses 
and similar types of hand-operated power 
equipment. Oil-proof switch has two-cit 
cuit double-break (one set breaks before 
other set makes) contact arrangement. Die 
cast cover has collar around phenolic but- 
ton. Fits into conventional FS and FD 
electrical boxes mounted with four No 


(continued on page 72) 
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A NEW CONCEPT 
IN HEAT RANGE... 


HEATER LIFE 


Watlow’s FIREROD combines in one 
unit the best of all those factors most 
often sought in an electric cartridge unit: 
it's the HOTTEST heater going (gives 
you 5 times more heat than any standard 
unit, yet offers an amazing heat range up 
to 1500°F and higher) . . . the LONGEST 
LASTING cartridge operating at any 
temperature (will out-live, out-perform 
5 to 10 ordinary heating units) . . . and 
the most DESIGN-WISE cartridge avail- 
able today (the same heat you'd get in a 


standard unit, in 1/5 the space), 


So... whether you're looking for high 
concentration of heat or longer-lasting 
cartridge heaters — you'll want to learn 
more about the FIREROD. WRITE for 
FIREROD BULLETIN #367. 


ELECTRIC MANUFACTURING CO. 


1392 Ferguson Avenue 
St. Louis 14, Mo. 
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Columbium makes the difference 


in this new fine-grained carbon steel 


The new GLX-W steel offers a unique combination of characteristics—the formability 
and weldability of mild carbon steel plus greater tensile strength and notch toughness. 


The addition of small amounts of columbium gives 
GLX-W the finer grain structure that makes this possible. 


Where design permits, the use of GLX-W can result in weight savings up to 35°, compared 
with mild carbon steel. With yield strengths ranging from 45,000 to 60,000 psi, GLX-W 
steels are recommended for a broad range of applications. For technical information, 

write to our Product Development Division, Department A. 


GREAT LAKES STEEL 


Detroit 29, Michigan 


Great Lakes Steel is « Division of NATIONAL STEEL CORPORATION | 
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6-32 Electrically 
circuit control up to 600 v ac or de. De 
livery from stock. $9 each, list. Vemaline 


Co, PO Box 222, Hawthorne, 


screws rated for pilot 


Products 
NJ. 
Circle 318 on Reader Service Card 


60-cps motor generator . . . 
is utilized as damping tachometer, rate 
performing 


generator, or as integrator 


mathematical computation in industrial 
servo loops serving as automatic controls 
Rotor moment of in 


no-load speed is 300! 


Operates on 115 vy 
ettia is 18 gm cm’; 
Stall torque is 5 in.oz. Weighs 25 
oz. Kearfott Co Inc, Little Falls, NJ. 
Circle 319 on Reader Service Card 


rpm 


Metallized polyester film . 


and vinyl composition has pressure-sens 
tive backing for use as product decoration 
trim or identification. Available embossed 
printed or plain, in copper, chrome, gold 


Allen Hol 
Gerard Ave, New 


or brass. Samples available 


lander Co Inc, 385 


York 51. 
Circle 320 on Reader Service Card 


Miniature 4-way control valve 
with | is for us 


sliding-spool construction 
in small hydrauli ircuits, 


under 5 gpm 


low pre sSUTC 


| drop of about 13 psi at 


of 3 gpm. Internal leakag 
ess than 10 cu m. per min 
psi with Balan 


aluminum Val 


150 ssu oil 
hard-coated 
sul 2x 1l4»5 in plus han 
with standard 4 and 
threads Weighs | 
Precision Products Inc 


Rd, Route 1, 


lek] 

available 
y-seal pipe 
Oz Sarasota 


McIntosh 


5/5 


Sarasota, 


Circle 321 on Reader Service Card 


4-way solenoid valve .. . 

is for pneumatic or hydraulic fluid power 
upplications in 40 to 300 psi range. Full 
in. dia flow area. Valve bridges gap b 
small-flow, solenoids 


tween direct-acting 


and standard 4 to 3 
\vailable 
in side-ported and manifold models, with 
Singk 
dia; doublk 


in. full-ported valves 
in over 100 different variations 
single or double solenoid actuation 
solenoid valve is 54 x 1% in 


solenoid measures 8 x 1% in. dia; averag 
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weight is less than 2 Ib. Versa Products 
Co Inc, 150 Coolidge Ave, Englewood, 
NJ. 

Circle 322 on Reader Service Card 


Right-angle bracket nut. . . 

is self-locking unit for use in attaching 
bundles and plumbing lines. Re 
variety of 
of cadmium-plated carbon steel, 


wire 


places attachment methods 
Made 
heat-treated for performance to 
0.130 in. dia, permit 
aluminum alloy rivets. Pre 
sently 10-32 thread 
1.450, 0.650 and 0.850 in. bracket lengths 
Elastic Stop Nut Corp of America, 2330 
Vauxhall Rd, Union, NJ. 


Circle 323 on Reader Service Card 


S5U g 
Mounting holes, 
use of 4 in 


available in size in 


Non linear gas-density switch 
monitors densities in presence of vapors 
Signal when critical gas plus liquid-vapor 
densities are approached. Pressure differen 
tial between actuate and deactuate is 1 t 
Weighs 2 oz, measures 29% x lds 
n. dia. Available SPST or SPDT, rated 28 
de, 110 v ac, 5 amp non-inductive 
Newark Controls Co, 15 Ward St, Bloom 

field, NJ. 
Circle 324 on Reader Service Card 


34 
> psi 


Dynamic pressure calibrator... 


measures transient response of pressure 


pickups and connecting lines. It applic 
step pressure to the pickup, which 1 
sponds according to mechanical and acous 
tical 


characteristics. Cellophane or acc 


tate film 
inlet and pressurized air is applied to dia 
Solenoid-actuated 
knife bursts diaphragm, releasing pressure 


very rapidly 


is placed over pressure pickup 
phragm thus produced 


Pressure step from known 
position value to atmospheric pressure re¢ 
sults. Pressure step ranges, 5 to 100 psi; 
tise time of pressure step, 0.1 millisec 
varies with connected volume). Wiancko 
Engineering Co, 255 N Halstead, Pasa- 
dena, Calif. 

Circle 325 on Reader Service Card 


Vertical blueprint safe .. . 
holds up to 1000 plans in fireproof, 
burglarproof compartment. Prints are re 
tained on 30-in. long, T-+topped removable 
steel gliders. Evenly-space thumbnuts on 
plan holders tension-hold 100 prints, to 
30 in. wide and 48 in. long. Weighs about 
1000 Ib. Safe, 583 x 234 x 364 in. deep, 
; made by Ever-Safe Co Inc, Lafayette, 
Ind. Vertical filing components are by 
Momar Momar Industries, 4176 W 
Montrose Ave, Chicago 41. 

Circle 326 on Reader Service Card 
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Aeroquip PUSH-PULL Hydraulic Couplings 
Connect and Disconnect Fluid-Carrying Lines 


AVAILABLE IN TWO THREAD TYPES 
FOR INDUSTRIAL APPLICATIONS 


5600 Series 


For N.P.T.F. pipe thread connection in V4" 
%", Yr", %" and 1” sizes. 


5606 Series 


For all S.A.E. straight thread boss (O-ring 
seal) connections up through 1” tube sizes. 


@ Quick Connection and Disconnection e Full Flow With Negligible Pressure Drop 


e@ Positive Sealing—Connected or Disconnected @ For Working Pressures Up to 3000 psi. 
e Simple, Rugged Components 


The new Aeroquip PUSH-PULL Coupling is designed for quick, easy 
connection of hydraulic lines. It features a simplified poppet valve 
seal that gives long, leakproof service life. The coupling is constructed 
to protect against entry of dirt into the hydraulic system. Where 
connect-under-pressure feature is desirable, the 5650 Series PUSH- 
PULL Coupling is available. 


Complete design information on the Aeroquip PUSH-PULL Covu- 
pling series is available. Fill in and mail the coupon below for your copy. 


Aeroquip PUSH-PULL Couplings on hydraulic lift truck. PUSH-PULL is an Aeroquip Trademark 


Aeroquip Corporation, Jackson, Michigan 


Please send me your bulletin on PUSH-PULL 
Hydraulic Couplings for industrial applications 


eroquip 


Address 
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Water heating with TM flange-type 
Immersion Heaters mounted at one 
end of a tank. 


For plating applications, Chromalox 
CT Immersion Heaters are sheathed 
in lead, copper, stainless steel. 


Heating viscous materials with BLCK 
Immersion Heaters before pumping 
from a railroad tank car. 


Heating liquid held at constant level. 
TL Heaters generate heat parallel to 
the tank bottom. 


Heat for 5- and 55-galion drums. 
Just snap on and plug in. Protective 
coating resists abrasion, chemicals. 


Pipe heating with Chromalox Therm- 
wire (300°F), Strip Heater (750°F) and 
Tubular Heater (1100°F). 


LIQUIDS? Only CHROMALOX 
heats so many things... 
so many ways 


There’s one best way to do any job. And you get the best results 
only by using that one best method. 

Regardless of what your heating problems may be . . . your best 
chance of finding the best answer is to call your Chromalox Man. 


¢ He represents more than 15,000 different types, sizes and ratings 
of electric heaters and heating elements . . . the world’s largest line. 
¢ He orders from the world’s largest stock. 


¢ And he is a heating expert . . . he understands your problem and 
can help you find the answer. 


No matter what your heating problem is ; ; . solids, liquids or gases 
. . - call your Chromalox Man for the efficient, electrical answer. 
(His phone number is listed at the right.) Or, check the boxes below, 
write your name, title, and address at the bottom cf this page and 
mail it to us. Edwin L. Wiegand Company, 7500 Thomas Boule- 
vard, Pittsburgh 8, Pa. 


Send me Catalog 60 
(General Industrial heating 
applications). 


[] Send me specific information 
on the heating problems I have 
outlined on the sheet attached. 


[| Do not have a Chromalox Rep- 


resentative contact me. 


Have a Chromalox Representa- 


tive contact me. 
e1e45 
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answers 


Sales-Engineering Representatives 


ALBANY, N.Y 
Hobart 3-0626 


ATLANTA, GA. 
Trinity 5-7244 


BALA-CYNWYD, PA; 
Mohawk 4-6113 
Greenwood 3-4477 


BALTIMORE, MD. 
Hopkins 7-3280 
BLOOMFIELD, NJ. 

Edison 8-6900 
New York: Worth 4-2990 
BOSTON, MASS. 
Liberty 2-1941 
BUFFALO, N.Y. 
Summer 4000 
CHARLOTTE, N.C; 
Edison 4-4244 
Franklin 5-1044 
CHICAGO, ILL. 
Harrison 7-5464 
CINCINNATI, OHIO 
Trinity 1-0605 
CLEARWATER, FLA: 
Phone 3-7706 
CLEVELAND, OHIO 
Prospect 1-7112 
COLUMBUS, OHIO 
Amherst 7-8260 
DALLAS, TEX. 
Riverside 8-9004 
DAVENPORT, |OWA 
Phone: 6-5233 
DENVER, COLO. 
Glendale 5-3651 
Genesee 3-0821 
DES MOINES, IOWA 
Cherry 3-1203 
DETROIT, MICH. 
University 3-9100 
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HOUSTON, TEX. 
Capito! 5-0356 
INDIANAPOLIS, IND. 
Melrose 5-5313 
KANSAS CITY, MO. 
Victor 2-3306 
LOS ANGELES. CAL. 
Richmond 7-5191 
MIDDLETOWN, CONN, 
Diamond 6-9606 
MILWAUKEE, WIS. 
Broadway 1|-3021 
MINNEAPOLIS, MINN. 
Federal §-6631 
NASHVILLE, TENN. 
Cypress 2-7016 
NEW YORK CITY, NY. 
(See Bloomfield, NJ.) 
OMAHA, NEB. 
Atlantic 7600 
PHILADELPHIA, PA. 
(See Bala-Cynwyd, Pa.) 
PITTSBURGH, PA. 
Emerson 1-2900 
PORTLAND, ORE. 
Capitol 3-4197 
RICHMOND, VA. 
Atlantic 8-8758 
ROCHESTER, N.Y. 
Hamilton 6-2070 
ST. LOUIS, MO. 
Chestnut 1-2433 
SAN FRANCISCO, CALIF: 
Underhill 1-3527 
SEATTLE, WASH. 
Main 4-7297 
SYRACUSE, N.Y. 
Granite 4-3933 
WICHITA, KAN. 
Amherst 2-5647 
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PICKED FOR THE BIG JO 


demanded in elastomers. 


LOS. 
S folers for ania 
MiNg PORAMONS has proven 


B when high sol 
THIOKOL PO 


vent resistance 18 
LYSULFIDE CRUDES 


VANZO0 ping 
LE3¢ ip 


lesistance to taks and Sovents. 


PRINTING PRESS ROLLERS 
that make perfect impressions over and over again 


Processors of printing and coating rollers and their 
customers know from experience that THIOKOL Poly- 
sulfide Rubber has the stand-up quality needed for all 
kinds of printing. In lithography, can coating, textile, 
metal and plastic transfer—where high solvent action 
of special inks, thinners and dyes is ever present 

rollers made with THIOKOL Polysulfide Rubber keep 


—Pheokol€. 


CHEMICAL CORPORATION 
780 NORTH CLINTON AVENUE * TRENTON 7, NEW JERSEY 


In Canada: Naugatuck Chemicals Division, Dominion Rubber Co., 
Eimira, Ontario 


"Registered trademark of the Thiokol Chemical Corporation for its liquid 
polymers, rocket propellants, plasticizers and other chemical products 
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putting out the perfect impression over extended 
periods of time. 


In scores of industrial applications where rubber is 
constantly exposed to degrading elements, THIOKOL 
Polysulfide Crudes provide long, trouble-free service 
at low cost. For full information, use the coupon. 


FOR MORE INFORMATION: Mail coupon to Dept. 41, Thiokol 
Chemical Corporation, 780 N. Clinton Ave., Trenton 7, N.J 


Gentlemen: Please send me available data on 
THIOKOL Polysulfide Crude Rubber. 


_ a ” oa - 
Street - 
City. 


Your Name 
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Electromechanical 
Components and Systems 
Capability 


SOCCER SHEER HEHEHE EOE 


AIRESEARCH TEMPERATURE 
CONTROL SYSTEMS 


One of a wide variety of temperature 
control systems developed and pro- 
duced by AiResearch, this magamp 
temperature control system is used 
on the DC-8. It modulates hot jet 
engine bleed air down from 660°F. to 
450°F. for the low pressure pneumatic 
system serving the air conditioning, 
refrigeration and ice protection sub- 
systems. 

AiResearch diversification and 
experience provide full capability in 
the development and production of 
electromechanical equipment and 
avionic controls for aircraft, ground 
handling, ordnance and missile sys- 
tems of all types. 

——— 
A.C. and D.C. Motors, Generators and 
Controls * Inverters * Alternators * 
Linear and Rotary Actuators * Power 
Servos * Hoists * Electrical Pyrotechnics 
* Antenna Positioners * Positioning 
Controls * Temperature Controls + 
Sensors * Williamsgrip Connectors * 
Static Converters. 

Your inquiries are invited. 


~ > ------ 


AiResearch Manufacturing Division 


Los Angeles 45, California 
ae 





DESIGN LITERATURE 


Philosophy and The Physicists 
lL SUSAN STEBBING, late Professor of Philoso- 
phy, University of Bristol, Great Britain. Dover 
Publications Inc, 180 Varick St, New York 
14. 5 x 8 in, 295 pp. $1.65. 
Paraphrasing the first sentences of 
Mrs Stebbing’s introduction, _ this 
book might be said to be in defense of 
all of us who have been overawed and 
scientists when they 
descend from the heights of scientific 
infallibility to write for us their sup- 


even misled by 


posedly objective views of philosophy. 
The author has in mind Sir Arthur 
Eddington, the physicist, and Sir 
James Jeans, the astronomer 

While emphasizing her admiration 
for these two men because of their 
contributions, Mrs 
Stebbing provides us with a refresh- 
ing evaluation of the way in which 


great scientific 


they write of their disdain for the emo- 
tional, inexact language of most phil- 
osophers. The evaluation makes it 
plain that Eddington and Jeans, like 
many of their scientific and engineer 
ing colleagues, also are given to inex- 
act, emotional phrasing—particularly 
when expressing their own philosophi 
cal convictions. This is an unabridged 
paperback version of the original Eng- 


lish edition —JK 


Composition of 
Scientific Words 


D B BROWN. Available through Editorial and 
Publications Div, Smithsonian Institution, Wash 
ington 25, DC. 6 x 9, 881 pp. $8 


What's an Well, Dr 


Brown says in his good-humored wavy 


infinitron? 


in infinitron is a cleaver with which 
you neatly split infinitives 

And what’s a logotechnician? It’s 
what Dr Brown says he is. It’s a word 
he composed to describe a composer 
of words. 

Philologists in general and etvmolo 
gists in particular have long been leery 
of the glisteny-new and often inelegant 
neologisms of science—ranging from 
Freud’s deceptively simple id to block 
busters like the recent magnetohydro 
That’s why we welcome 
this learned book by a former geol 
ogist of the US Geological Survey. 

True, it does have a drawback for 
engineering readers: Its lexicon spends 


dynamics. 


most time with the biological sciences 
Nevertheless, if you are pioneering in 


science or technology, if you want to 
coin a word for your new theory or 
new product, if you want to do it with 
meticulous respect for word-roots you 
dig up in Greek, Latin—or maybe 
Sanskrit—this book tells how. 

Also, it’s good-natured instead of 
angry about our mistreatment of 
words; it includes a superb history of 
how the English language grew; you 
can discover a lot of synonyms by 
browsing through this volume, which 
in the main is a sort of hybrid—dic 
tionary crossed with thesaurus. 

So let’s play word-games with Dr 
Brown, wordsmith, as guide. You've 
designed a new, circular-shaped instru 
ment. What to christen it? Why 
not trochotron—Greek trocho (cit 
cular) plus Greek tron (instrument)? 
And if you want some Latin flavor too 
then substitute brum for tron and you 
call the gadget a trochobrum. Push 
pull, click-click you're an engi 
neering gentleman, and a scholar too. 

—WG 


Nuclear Technology 
for Engineers 


R HOBART ELLIS JR, Nucleonics Magazine. Mc 
Grow-Hill Book Co, Inc, 330 W 42nd St, New 
York 36. 6% x 94, 284 pp. $9.50. 


This is a basic text, suitable for 
college courses, and 
many of the standard diagrams. It 


incorporating 


can serve as a brush-up for those who 
“a little” but want a little more 
on a specific point. 


know 
It seems to be 
written primarily for those interested 
in radiation and its applications, since 
relatively little attention is paid to 
reactors and chain reactions. 


Amino Resins 


JOHN F BLAIS. Reinhold Publishing Corp, 430 
Park Ave, New York 22. 8 x 6, 220 pp. $4.95 


Covers the chemistry, manufacture 
and major applications of urea and 
melamine resins, and the newer ethy 
lene urea and benzoguanamine. Th« 
book describes in detail amino resin 
applications in adhesives, molding, 
laminating, textiles, paper and surface 
coatings. Previously only a modest 
amount of technical information was 
available on this resin group, but the 
recent expiration of some basic pat 


(continued on page 78) 
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Ready-made savings for your hollow parts 


Why bore out bar stock to make your hollow parts? 
Start with Timken® seamless steel tubing; the hole’s 
already there. You save drilling costs, steel, machining 
time and you're sure of uniform quality finished parts, 
too. That’s because we make Timken steel tubing by 
forging a solid round over a mandrel, thoroughly 
working the metal inside and out. This gives the 
tubing its fine forged quality and uniform spiral grain 
flow. 

When you buy Timken steel you always get: 


1) Quality that’s uniform from heat to heat, tube to tube, 
order to order; 2) Service from the experts in specialty 
steels; 3) Over 40 years of experience in solving tough 
steel problems. Let our engineers help you save by 
recommending the most economical tube size for your 
hollow parts job . . . one guaranteed to clean up to 
your finish dimensions. The Timken Roller Bearing 
Company, Steel and Tube Division, Canton 6, Ohio. 
Cable address: ““TIMROSCO”. Makers of Tapered Roller 
Bearings, Fine Alloy Steels and Removable Rock Bits. 


TIMKEN ALLOY STEEL AND SEAMLESS STEEL TUBING ARE AVAILABLE FROM WAREHOUSE STOCKS IN 44 CITIES IN THE UNITED STATES 
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HARTFORD’S 


LOOK AHEAD POLICY 


WITH PRECISION BALLS 


PROVIDES MANY THINGS 


IMPORTANT TO OUR CUSTOMERS 


isla Teil iielal 
balis 


This new comprehen- 
sive Technical Guide 
to Precision Ball 
selection contains 

new AFBMA ball 
standards cross 
referenced to previous 
standards. Write for 
your copy today 


artford, blending an exacting 

science, long experience and 

modern facilities, manufactures 
precision balls to increasingly closer 
tolerances and finer surface finishes (less 
than .5 micro inch)-to rigid customer 
specifications. Hartford offers a wide 
range of materials able to withstand 
increasingly high temperatures (over 
1500°F), or severe corrosive conditions 
(including moisture, gases and acids) 
and unusual wear problems. A constant 
inventory of standard ball types assures 
immediate delivery on most orders. You 
can be sure of your source when you 
specify Hartford. 


DESIGN LITERATURE continued 


ents has created wide interest. This 
book satishes the need for additional 
data. The applications included rep 
resent large volume outlets for amino 
resins, Existing and potential users 
have here a concise treatment of th« 
amino resins ind their uses 


Servo Engineer’s Handbook 


Daystrom Transicoil, Division of Daystrom Inc 
Worcester, Penna. 534 x 834, 129 pp. $3. 


A good primer on electrical servo 
It assumes no prior knowledge, and 
deals specifically with the component 
and does not attempt to explain com 
plex servo theory. Elementary theory, 
including some circuit analysis, block 
diagrams, stability criteria and testing 
methods are given. Chapters start 
with excellent cutaway photos of th 
major component discussed. Included 
are servomotors, rate generators, syn 
chros, gear trains, and servoamplifiers 


Phenolic Resins 


DAVID F GOULD. Reinhold Publishing Corp 
430 Park Ave, New York 22. 8 x 6, 213 pp 
$5.75 


Here is a concise presentation of 
the raw materials, production meth 
ods, and applications of the phenolic 
resins. I'he book emphasizes the 
practical features, including comme: 
cial and economic considerations, d« 
scribing each major field of applica 
tion in separate chapters. Numerous 
disclosures in patents and elsewhere 
serve as a basis for the development 
of new uses for the phenolics. Ther 
is also information on the use of 
phenolics in combination with other 
resins. Engineers, designers, archi 
tects and management have here a 
complete picture of present and po 
tential uses of phenolic resins 


(continued on page 81 





HARTFORD STEEL BALL CO. 
West Hartford, Conn. 


'.. « He's designing a vending machine that 


43 Jefferson Avenue, will dispense vending machines! !’ 
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Ledex Rotary Solenoid 


BASIC INFORMATION 


1/30 SEC. 


The Ledex Method of actuation waveguide switches, sorting equip- 
and control gives instantaneous ment, gyrocaging, computers, wire- 
high-torque-to-size rotary motion less teletypes, vending machines, 
and high-thrust-to-size piston mo- typesetters, missile guidance and 
tion, for reliable remote mechan- ground support equipment. 
ical actuation or remote control of Other Ledex Method products 
rotary-type switches. are Syncramental Stepping Mo- 
The efficient Ledex Rotary Sol- tors, Rotary Stepping and Select- 
enoid is the heart of this method. ing Switches. Write for Bulletin 
Available in 8 compact sizes, with A-1259, mentioning application, 
operating voltage from 3 to 300 to G. H. Leland, Inc., Dayton 2, 
V.D.C. Over 240 stock models Ohio; Marsland Engineering, Ltd., 
ready for immediate shipment. Kitchener, Ont.; NSF Ltd. 31 
Used in thousands of applications MM High-torque-to-size rotary motion MA Alfred Place, London, Eng.; NSF 
including valves, tape recorders, J High-thrust-to-size piston motion _ GmbH, Nurnberg, Germany. 
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TRU-LAY PUSH-PULL DATA FILE 
SHOWS HOW TO SIMPLIFY \, 
AND IMPROVE DESIGN , 


Push-Pull remote con- 
COMMER macnarncat trols, shown here, are 
flexible, have but one 
moving part, and give a 
lifetime of accuracy. 
Mechanical linkages are 
py : . complex, are made of 
— ~~ many parts, wear at 
; many points, and pro- 
duce increased back- 
lash, lost accuracy, and 
vibration rattles. 

















Qa 


This Push-Pull Data 


e & 
File—containing 7 en- 
4 4 gineering bulletins— 
will show you how these 
flexible controls have 


e eliminated mechanical 
3 ns linkages on hundreds of 
products. You can make 


your products more use- 


cs e a ful, easier to sell, with 
t j : Push-Pull controls. 
Wi ® f ings Write for your Data 


Whether using the old pipe-threads or the “‘new”’ 
SAE O-ring straight thread design, hydraulic 
tube fittings are prone to leak at the port con- \ AMERICAN CHAIN RCABLE. 


ti at’ E Stephenson Bids. , Detroit 
nection. That’s a fact. 6800-E East Acco  ireet, Con Angeles 23 » 929-€ “connecticut Ave, Se 


In contrast, the ‘CN’ fitting by L & L is leak- ridveport 2 Con 

proof—and it has these edie Repeated CIRCLE 204 ON REASER SERVICE CARS 
re-usability—the metal-to-metal seal may be 
undone and remade indefinitely. No weak link— T 

the limited-life O-ring is eliminated. No re- A i 4 T Ri e 
stricted use—any fluid, of any temperature, 
permissable with the metal in the fitting is okay ® CHAIRS AND STOOLS 
with the metal seal. Vibration-proof—the metal 

seal provides lock-washer action. Easily direc- 
tioned—point angle fittings anywhere, only the 10 YEAR 
captive nut is turned to affect seal. GUARANTEE 
At no greater cost — standardize on trouble- 
free ‘CN’ hydraulic tube fittings—as inevitable 
as progress itself, the coming industry standard. SWINGING 


BRACKET STOOLS 
and CHAIRS 








Land L Manufacturing Company 
21590 Hoover Road + Warren, Michigan 


FOR MOUNTING 
ON TABLE, BENCH, 
WALL OR MACHINE 


> ; . Seat — a power § a sated of 

~T 8 inc racket swings 4 

ASK FOR _ inches from attaching plate, Con: 
BULLETIN Noe i % tains all the adjusting features of regular AJU! 

: . = at a oe. sel ube —lecircaly 

° eak roof x , wel and equip with ny bearings—iifetime 

L P . ; lubricated. Tested with 600 ib. load load. Special mount- 

Port ’ ing brackets to serve many individual needs. 
ADVANTAGES OF SWINGING BRACKET 

(a) Allows each worker to swing in as close to his operation as he may 

care to; (b) keeps chairs off of floors, thus saving sweeping and mopping 

time; (c) stops interchange of chairs from one department to another. 

PREE TRIAL 
Use an AJUSTRITE chair or stool for 30 days without obligation. 
Prove to yourself the many advantages AJUSTRITE offers in comfort, 
utility and economy. Write today—we’ll do the rest. 


32 Models for Factories + Schools « Laboratories » Hospitals + Offices 


AJUSTO EQUIPMENT CO. 


515 CONNEAUT ST. . BOWLING GREEN, OHIO 








80 CIRCLE 80 ON READER SERVICE CARD CIRCLE 205 ON READER SERVICE CARD 





DESIGN LITERATURE continued 
Moleculonics 
EDWARD | HOLBROOK, Modernair Corp, 5007 
Brookpark Rd, Cleveland 34. 2 x 7, 54 pp. $1. 
This simple pneumatics booklet, 
though published by a 
company, 
proach. 


pneumatics 


has a fairly general ap 


It is dedicated to the belief 
that air circuits can perform logic as 
well as do work. 

The author has sketched typical 
pneumatic circuits 


SOTNE accom pan’ 








“MEMORY 


this review) that will perform logic 
AND, OR, NOT 
and MEMORY. As examples, he has 
also actual circuits that use 
such logic—protective circuits, pack- 
aging systems, and so forth 


functions such as 


drawn 


(Continued on page 84) 
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Large 15 ampere contacts elimi- 
nate additional load relays. 


Stop down time with plug-in com- 
ponents for fast timer replacement. 


Punky 


@ Easy to set dial whether short or 


long timing. 


Choice of 9 actions available for 
each of 3 contacts. 

Select operation required for your 
circuit. 


@ Set dial to exact time required. 
No guessing at numbers. 


@ Accurate repeatability insures uni- 


form production. 
@ Proven reliability in thousands of 


industrial processes for more than 
25 years. 


Eagle Timers Save Time — Save Money 


Install timer in seconds with op- 
tional plug-in feature. 


Write for FREE Bulletin 110 containing complete data 
on Microflex Reset Timers. Address 
Eagle Signal Company, Industrial Timers Division, Dept. PE-160, Moline, Illinois 


s'ew 
a’ 


* 
« 
> 
° 


“ © 
Sweat 


IGNAL COMPANY 


MOLINE, ILLINOIS 


MANUFACTURERS OF THE MOST COMPLETE LINE OF INDUSTRIAL TIME-COUNT CONTROLS 
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\ \ A 
J. i ses 


NEW JIC 
SOLENOID 
AIR VALVES 


Schrader’s complete line of air valves allow you a freer hand 
in planning air circuits for your applications. Besides almost 
unlimited choice of size, style and actuation method, you get 
these extras in every Schrader valve you buy: 


e All parts are designed for maximum air flow, longest 
service life; simplicity of replacement; interchangeability. 


e Schrader Valves feature tough, practical design, precision 
construction, and are individually tested to full ratings. 


o divisionof SCOVILL 
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PP OTT PUl CALE 


- 


SUB-BASE available 
in single solenoid, 
4-way; double 
solenoid, 4-way. 


STANDARD BASE 
available in single 
solenoid, 3-way; 
single solenoid, 
4-way; double 
solenoid, 4-way 


that meet and exceed JIC specifications 


New JIC Solenoid Valves are compact, rugged, fast-and-easy to install. Roomy 
junction boxes fit space requirements with 90° rotation. Can be operated in 
case of current failure, by hand. Safe, recessed override button prevents acci- 
dental operation. Electrical system completely sealed against dust, oi! 


e Performance has been proved by years of use in hundreds 
of plants. All Schrader Valves can operate with Schrader 
(JIC) Square End Cylinders perfectly. 


Use the full Schrader line to do your air control selecting. 
Your Schrader distributor can help you pinpoint what you 
need. For more data write: 


A. SCHRADER’S SON 
Division of Scovill Manufacturing Company, Incorporated 
477 Vanderbilt Avenue, Brooklyn 38, N. Y. 


QUALITY AIR CONTROL PRODUCTS 
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GO “THIS RELAY 

WILL GIVE US 
300 MILLION 
OPERATIONS, JOE” 


ma 





HERE’S WHY Pa2B TELEPHONE TYPE RELAYS GIVE YOU 
reliable performance over long life 


Armature Pin Bearing shows 
only 0005” increase in clearance 
after 300 million operations 


Heavy Duty Frame 
maintains dimensional 
Stability, adds to 


BS SERIES ENGINEERING DATA 


Husky Armature Arm 
prevents Sagging 
o bending 


BS SERIES TELEPHONE TYPE 


Measure the thickness of the BS series armature 
arm. You will find the cross section area is greater 
than ordinary relays of this type. Here is the kind 


of quality that spells dependability. 


Observe that the stainless steel hinge pin runs 
the full width (not just half) of the armature, pro- 
viding optimum bearing surface. This pin, operat- 
ing in a stainless steel sleeve, shows only minimal 
wear during nearly a third of a billion operations. 

Best of all, P&B quality costs no more. A whole 
new plant is being devoted to the production of 
high performance telephone type relays. Your near- 
est P&B sales engineer will be happy to discuss your 
relay problems. Call him today. 


= relay's sensitivity. 


GENERAL 


Breakdown Voltage: 1000 volts rms 60 cy. mir 


between all elements 
Ambient T ; —§5° to +85°C 
+125° C available on special order 
Weight: 9 to 16 ozs 
Terminals: Pierced solder lugs 
Coil: One #16 AWG wire 
Contacts: Two #18 AWG wires 
Enclosures: Dust covered or sealed 
CONTACTS: 
Arr 


: OC—up to 28 springs 
AC—up to 24 springs 

Maternal: 4," dia. twin palladium 
Up to ‘4 dia. single silver 
Other materials on special order 


GS SERIES—Exceilent sensi 
tivity 50 mw per movable arm 
minimum (DC). For applica 
tons requiring many switch- 
ing elements in small space 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


LS SERIES —Medium coil relay 
with short springs and light 
weight armature for fast Long life construction. Can be 
action, reliability and long life upphed 


Lead: 4 amps at 115 volts, 60 cycle resistive 
Pressure: 15 grams minimum 
cous 
Resistance: 100,000 ohms maximun 
Current: 10 amps maximum 
Power: OC—5SO Milliwatts per movable arm 
Greater sensitivity on special order 
AC—17.9 volt-amps 
Duty: Continuous 
Treatment: Centrifugal impregnatior 
Voltages: DC—wup to 300 volts with serie: 
resistor. AC—wup to 250 volts, 60 cy 
MOUNTING: Two #8-32 tapped holes 4" o.c 
Other mountings on special orde 


€ 


TS SERIES—Short coil relay 
available in AC and DC versior 


DC) with up t 
springs (10 per stack 


G@) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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DESIGN LITERATURE . continued 


Engineering Economics 


ROTARY aiviticraix SWITCHES 


— standard or special — 

to meet your requirements and 

MIL or BuShips specifications 

for simple or complex circuit control. 


Here are typical designs that show 
the versatility of Esco construction. 


Write for Bulletin 8A or call us for details. 


Style and Size 


| 


Loads and Circuits 





Single-control 
tandem pair; 
snap-action; 
7 X 19 inches 
20 inches behind panel. 
75 ibs. approx. 


Quick-connect 
terminaling for 
snap-on wiring; 
3% inches diameter, 
3 inches behind panel. 
8 oz. approx. 


2-way drive 
by 6-volt solenoids; 
3% inches diameter, 
184 inches long. 
12 ibs. approx. 


High-current 
low-voltage tap switch; 
1034 X 103% inches, 
14 inches behind panel. 

25 ibs. approx. 


_ —— 
| 


Lever-actuated 
miniature switch; 
14% X 1% inches. 
1144 inches behind panel. 
2 oz. approx. 


| 
| 


4 


200 amps. 500 v. a-c 
6-pole, triple-throw; 

30 amps. 500 v. a-c 
20-pole, triple-throw. 


10 amps. 125 v. a-c 
single-pole 
4-position; 
snap action. 


10 amps. 
125 v. a-c 
34 poles, 
2 positions. 














150 amps. 6 v. a-c 
6-pole 
12-position. 








3 amps. 125 v. a-c 
4-pole 
3-position. 





3-gang, gear-drive 
single-control switch; 
6%, < 7%, inches X 
14 inches behind panel. 
25 ibs. approx. 


| 7 ot o Br tme £ eA tek aag 





5 amps. 125 v. d-c 


75 poles 
2 positions. 
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for Professional Engi- 
neers’ Examinations 


MAX KURTZ. McGraw-Hill Book Co, 330 W 
42nd St, NY 36. 52 x 84, 261 pp. $6.50. 


In this one volume are all the facts, 
formulas, tables needed to save time 
and insure accuracy in answering ques 
tions likely to arise in the economics 
section of the Professional Engince: 
examination. Covered in detail are 
media of investment, time value of 
money, sinking funds and annuities, 
ammortizations of loans, valuation of 
bonds, depreciation, depletion. Tech 
nical terms are defined and mathe 
matical principles reviewed. Many 
exercises and problems—typical of 
those asked in actual examinations 
throughout the country—are in 
cluded, mostly with worked-out 
solutions or answers. 


Contribution from the 
Museum of History and 
Technology 


US National Museum Bulletin 218, Papers 1-11 
Government Printing Office, Washington 25 
DC. 8% x 11/2, 201 pp. $2.50. 


The staff of the Museum of His 
tory and Technology, a young subdi 
vision of the Smithsonian Institution's 
National Museum, has published its 
first collection of papers dealing with 
technological history. This hand 
somely illustrated book contains eleven 
papers on such subjects as: John 
Deere’s steel plow, the beginning of 
cheap steel, the origin of clockwork, 
perpetual motion devices and _ the 
compass. Science historians and thos¢ 
just curious about early engineering 
will find this government publication 
most interesting 


Practical Design of Sheet 
Metal Stampings 


FEDERICO STRASSER. Chilton Co, Philadelphia 
39. 9 x 6, 175 pp. $10. 


Covers basic concepts and design 
details on processes for making prod 
ucts from sheetmetal. Although the 
book contains little that is new, its 
author has assembled much valuabk 
design information from his own ai 
ticles, some previously published in 
Propuct ENGINEERING, as well as in 
Iron Age and other sources. ‘Two 
faults mar its usefulness: It is slightly 


(continued on page 86 
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hoover quality 


Super Finish 
ROLLERS 


Super Finish 
RACEWAYS 


In spherical roller bearings, Hoover Quality 
means extra smoothness, extra. precision, extra 
bearing performance. 

Large size rollers are Super Finished to a mirror- 
like smoothness to minimize friction. 

Both inner and outer raceways are Super Fin- 
ished to match the smoothness of the rollers. Pre- 
cision matching of rollers and raceways assures 


low operating temperatures and long life. 

Land-riding retainers are accurately machined 
from solid bronze for proper roller guidance and 
uniform load distribution. 

Hoover Quality spherical roller bearings are 
available in a complete range of sizes and series in 
cylindrical or tapered bore. Return the coupon 
below for complete information. 


r---c 


Hoover Ball ond Bearing Company 
5400 Sovth Stote Rood, Ann Arbor, Michigon 


(CO Please send Bulletin 113 which describes Spherical Roller Bearings. 
CD Hove your representative call. 

Nome 

Title 

Compony 

Address 


looouwen? 


BALL AND BEARING COMPANY 
Zone Sales pe arg 5 matin. ; 
Offices ond 290 Lodi Street, 
Warehouses 2020 South Figueroo, Los Angeles 7, 


* 


City Zone State 


bee ee SE 
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DESIGN LITERATURE continued 
biased im favor of stamping: when 
comparing it with competitive proc- 
esses, and the separation of text from 
matching i!lustration sometimes makes 
reading a chore 


The Magnacard System 


ALFRED A NELSON. WADC Technical Report 
58-421. Available from Office of Technical 
Services, US Dept of Commerce, Washington 
25, DC. 82 x 11, paperbound, 177 pp. $3. 


Although the punched card has 
limited capacity and slow 
reading speed it is still the most 
popular means for storing fixed units 
of information. Now the development 
of the Magnacard promises to elimi- 
nate both these disadvantages while 
retaining the greater handling conven 
ience of punched cards compared 
with magnetic tape, or other contin 
uous storage methods. This report 
(full title: “Research and Develop- 
ment of the Magnacard System”’) 
summarizes details of research and 
development on the Magnacard proj- 
ect sponsored jointly by Wright Air 


storage 


Development Center and The Magna 
vox Company. 

Information that can be packed on 

| x 3 in. oxide-coated Mylar card 
is over 10 times that available on a 
conventional punched card (1000 
characters compared with 80 or 90 
while reading speed can be boosted to 
300 in per sec, or more than twice 
as fast as any tape transport in use 


today. In the machine, feeding and 
transporting of cards is accomplished 
pneumatically. This report outlines 
design details of vacuum drums and 
electrodynamic air valves developed 
for transfer operations that form the 
basis of sorting and selecting func 
tions. Also included is a study of 
suitable card materials, design of me 
chanical equipment for transporting, 
stacking, transferring, filing and elec- 
tronic circuitry for reading, writing 
and transcribing. 


Product Engineering 
Design Manual 


DOUGLAS GREENWOOD. McGrow-Hill Book 
Co Inc, 330 W 42nd St, New York 36. 8 x 
11, 340 pp. $9. 


How many ways can you . . . join 
sheetmetal parts without fasteners 

. . feed parts from hoppers . . . de- 
sign an overrunning clutch . . . couple 
small-dia shafts . . . lubricate ballbear 
ings . . . test springs? Which adhesive 
. . . fractional-hp motor . . . micro 
switch . . . flexible coupling . . . auto- 
matic timer . . . for which application? 
The Design Manual answers these and 
many other similar questions. It in 
cludes for the first time in one volume 
the most significant, practical design- 
file pages published in Propucr Enc 
NEERING. Hundreds of illustrations 
and many useful nomograms and 
charts give needed how-to informa 
tion, helpful to both the beginner and 
experienced designer. 








now that we have decided « 


How will we build it! I" 


Experts in many fields have con 
tributed valuable information and 
practical design data not found in any 
enginecring handbook or textbook 
Careful editing and arranging made it 
easy to locate any topic quickly. 


Electrical Engineering 
for Professional Engi- 
neers’ Examination 
JOHN D CONSTANCE. McGraw-Hill Book Co 
Inc, 330 W 42nd St, New York 36. 5 x 8%, 
447 pp. $9.50 

This aid to preparing for electrical] 
engineering questions on the Profes 
sional Engineer examination provides 
two things any refresher should have 
a quick run-through of theory with 
methods of application; a large num 
ber of questions typical of those 
generally asked in the examinations 
ext includes de theory, magnetism, 
de machines, ac theory, ac machines 
and equipment, electronic tubes and 
circuits. 


ABSTRACTS 
FROM THE LITERATURE 


Rocket-engine Materials 

An analysis of material applications 
in high-temperature environment in 
rocket engines is made. The prob 
lems are examined from the point of 
view of the designer, the manufac 
turer, and the quality control engi- 
neer, Stringent requirements can be 
met with relatively common mate 
rials by good design and careful manu 
facturing techniques. 


‘Application of Materials to High-temperature 
Service in Rocket Engines,” R. P. Fromberg, 
Rocketdyne Div, North American Aviation Inc. 
SAE paper No 98V, 485 Lexington Ave, New 
York 17 


Shop Noise 

Measurement and description of 
shop noise, acceptable sound levels, 
main noise sources in equipment and 
small plants and corrective action are 
discussed. Includes bibliography. 


“Keeping Shop Noise from Nearby Residences,” 
H. C. Hardy, Howard C. Hardy Associctes. 
Available without charge from Small! Business 
Administration, Washington 25, D C 


Safety Factor in Design 
Traditionally, a safety factor has 
qualitative meaning only, but it can 
be quantitatively interpreted through 
possible variations in the components 


(continued on page 89 
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Metallic O-Ring retainer plates 
cut machining and assembly costs! 


Contractual Engineering Offices 

CALIFORNIA...........1101 Chestnut St., Burbank, Vi 9-5856 
NEW YORK - .50 E. 42nd St., New York 17, MU 7-1283 
OHIO................1116 Bolander Ave., Dayton, BA 4-3841 


CANADA United Aircraft Products, Ltd., 147 Hymus Blvd. 
Pointe Claire, P.Q., Phone Montreal: OX 7-0810 
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Now mating flanges can be sealed without machining grooves to 
hold metallic O-rings! To complement its own famous line of metal- 
lic O-rings, United introduces machined metal retainer plates, which 
are available to match most two-dimensional junctures, regardless 
of the number of ports. Plates hold one or more O-rings securely, 
minimizing the possibility of O-ring dropout and possible contam- 
ination or loss. Using United retainer plates, flange assembly time 
can be cut because plate and O-rings are handled as a unit. 

Openings in United’s retainer plates function the same as con- 
ventional groove walls. They furnish an automatic O-ring compres- 
sion limit... control O-ring hoop tension . . . position O-rings for 
accurate matching of multiple hole patterns in mating flanges .. . 
simplify surface finish operations . . . and permit interchangeability 
of flanges. For immediate price quotations, send drawings of 
flange configuration, together with specifications regarding fluids, 
pressures and temperatures to: 


UNITED METALLIC “O” RINGS 
manufactured by 


@ United Aircraft Products, Inc. 
Box 1035 «+ Dayton, Ohio 
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SAVE MONEY 
Sutteh to 


STAMPINGS 


ENGINEER IN STAMPINGS—INCREASE PROFITS. 
A good solution to 
designing and cost problems is 
through the use of Advance 
metal stampings which cut 
material costs, labor costs 
and assembly costs. 


STAMP CRITICAL METAL 
PARTS TO IMPROVE YOUR 
OMPETITIVE POSITION 


These are actual size 
Advance stampings which 
soved production costs. 


click 


e MAXIMUM 4” BLANKS 
e MAXIMUM 2%" DRAW 
@ CAPACITY TO 65 TONS 


Since 1922 many and varied metal working industries 


have used Advance services for “clicking” out metal 
stampings in high and medium production volume. 
Small stampings of all materials are fabricated to meet 
tolerance specifications, delivery and price. 
Send us your blue prints or samples for quotations 
Advance Engineers ore available to be of help with 


your costs, design modification and general improve- 
ment of your competitive position. 


Write for Small Stamping Specialists Brochure 


ADVANCE STAMPING CO. 


12029 Dixie Ave., Detroit 39, Michigan 
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when it’s a 
QUESTION of 


GASKETS 
PACKINGS 


the ANSWER 
will be found 
t AUBURN 

We fabricate 
in over 200* 


% Leather *Asbestos + Nylon *Vinyl +Tefion* Silicone Rubber Sime vam yh Rubber 
Cork Fibre *C lics *Cloth + Felt Se a * Plastics 
Brass + Steel - Copper * Aluminum * Kel-FeViton A*Mylar Special Materials 





Send specifications or biveprints for prompt 
quotations and recommendations. No obligation. 


THE AUBURN MANUFACTURING CO. <g> 


306 Stack $t., Middletown, Conn. 


New York, N. Y.; Rochester, N. Y.; Detroit, Mich.; Chicago, Iil.; 
Minneapolis, Minn.; Pittsburgh, Pa.; Cincinnati, Ohio; Ridgewood, N. J.; 
Atlanta, Ga.; Memphis, Tenn.; St. Louis, Mo.: Washington, D.C. 
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TORQUE WRENCH’ 
MANUAL 


manual 


,{,oRavE 


SENT d 


UPON REQUEST ® 
Formulas , 


Applications 
Engineering Data 
Screw Torque Data 
Adapter Problems 
General Principles 


palS aleanrh. 
ADOrSON QUALITY) MLINOIS &) 


Gye 
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DESIGN LITERATURE... continued 


of a design, as well as the probability whatever your 


of safety. A proposed statistical 

method for determining safety factors 

that is said to give a more rational Ca r ro em 

and more economic design than con- eee 
ventional methods is described and 

demonstrated. 


aie al alae it will pay you to bring it to us 


Hsvan-loh Su, Imperial Ccllege, London; ASME 
poper 59-2-48. 29 W 39th St, New York 18. 


@ BRAD FOOTE has the finest cutting and shaping equipment 
available for producing the widest possible variety of pre- 


Design Piracy cision gears 


Supposed advantages of piracy, 
dangers, and other considerations @ Our heat-treating facilities are second to none. From blanks 
(aside from moral questions) are dis- to the finished precision gears...BRAD FOOTE takes the job all 


cussed. fs th aa ail 
the way. There is no division of responsibility. 
“Design Piracy—Unethical or Foolish?” James 


Woarren, Industrial Design Professor, National 


College of Arts, Lahore, Pakistan. Design ® Whatever your gear-cutting needs...racks, speed reducers, 


wares ye) — 59, 481 University Ave, transmissions or intricate power units...BRAD FOOTE fills all 
oronto 2, On 


your requirements from one source. Let our engineers consult 





on your requirements. There is no obligation. It may save you 
time and money. 


Radiation of Silicone Greases 
Silicones as a class have been termed 
poor in radiation stability. This r 
fers to silicones containing a majo! 
amount of methyl substituents and 
little or no pheny! substitution. Ac 
tually, some fluid silicones are very 
stable in radiation environments. This 
report points out the degree of radi 
ation stability of these fluids and the 
extrapolation of this characteristic to 
grease formulations 
“Radiation Stability of Silicone Greases,” 
Fischer, Zack Jr, and Warrick, Dow Corning 


Corp; Lubrication Engineering, Oct ‘59, 5 N 
Wabash Ave, Chicago 2 


' 
Medium-sized hobbing machine cutting teeth Special precision 154° gear shaper cutting 
in special crown gears internal gear for use in large wind tunnel 


Criteria for Reliability 

Design criteria for reliability dis 
cussed in this paper include concepts 
of environments, strengths, strength 
environment separation factors, al 
location of unreliability values to ele 


(continued on page 9! 





T ENGINEERING 
DEPARTMENT 
\x 


Large hobbing machine cutting teeth of large Large special 154° gear shaper cutting large 
pinion on 12 foot shaft spur internal ring gear for radar equipment 


Gear WorkKS, INC. 


1315 Sovth Cicero Avenue « Cicero 50, lilinois 
Bishop 2-1070 « Olympic 2-7700 


subsidiary + PITTSBURGH GEAR COMPANY, Neville island - Pittsburgh 25, Pa, Phone: SPouiding |-4600 
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STEEL-WELD rasnucgrion.. 


PRECISION WELDMENTS 


The two weldments illustrated above are wind tunnel sections designed 
with motor mounts to house giant propellers driven by electric motors. 
These husky pieces are typical of thousands of Steel-Weld Fabricated 
parts and assemblies produced and machined by Mahon for defense 
contractors and monufacturers of processing machinery, machine tools, 
and other types of heavy mechanical equipment. 

When your design calls for weldments of any kind, you, too, will want 
to discuss your requirements with Mahon engineers; because, in the 
Mahon Company you will find a unique source for weldments or welded 
steel in any form ... a fully responsible source with a long and enviable 
performance record, and unusual facilities for design engineering, 
fabricating, machining and assembling. 


See Sweet's Product Design File for information on Facilities, or have a 
Mahon sales engineer call at your convenience. 


THE R. C. MAHON COMPANY e¢ Detroit 34, Michigan 


SALES-ENGINEERING OFFICES in DETROIT, NEW YORK, CHICAGO, LOS ANGELES and SAN FRANCISCO 
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DESIGN LITERATURE 


continued 


ments of a system. Possible design pro 


cedures which result from three differ 
ent types of testing are discussed. Vari- 
ous criteria concepts and techniques 
for evaluating reliability are demon 
strated with an example based oi a 
mechanical element 


Reliability Design Criteria,” Brown, Leve and 
White, Hughes Aircraft Co; SAE paper 101V, 
SAE, 485 Lexington Ave, New York 17. 


CATALOGS 
AND BULLETINS 


To obtain copies of literature described be 
low, circle corresponding number on post- 
ecard inside back cover. For those catalogs 
and bulletins available only when requested 
on company letterhead, see page 93 


HIGH-ALLOY 
G-159, 20 pp 


CASTINGS 
Covers static, 
and shell-molded castings 


Bulletin 
centrifugal 
Includes physi 
cal properties table for corrosion-resistant, 
heat-resistant and abrasion resistant alloys; 
standard designation and stress tempera 
ture curves for selected high alloys. Dur 
aloy Co, Scottdale, Penna 

Circle 340 on Reader Service Card 


MINERAL-INSULATED ‘THERMO. 
COUPLES—Catalog 300, 20 pp. Includes 
features and specifications of mineral 
insulated thermocouples, hot-junction ter 
minations and mounting methods. Conax 
Corp, 2300 Walden Ave, Buffalo 25 
Circle 341 on Reader Service Card 


HERMETIC AND PROTECTIVE EN. 
CLOSURES—Catalog, 32 pp. Describes 
line of hermetically sealed and protective 
enclosures for relays, switches and control 
Seventy photos and 150 line 
lrawings show housing sizes and shapes 
Automatic Electric Co, Northlake, Ill 
Circle 342 on Reader Service Card 


packages 


TEFLON SHAPES—Catalog TFE 359, 8 
pp. Catalogs available shapes and sizes, 
together with permissible tolerances, prop 
erties and end-use applications. Cadillac 
Plastic & Chemical Co, 15111 Second 
Blvd, Detroit 3 

Circle 343 on Reader Service Card 


ELECTRIC VIBRATORS—Brochure, 12 
pp. Gives descriptions, specifications and 
performance information for 14 standard 
bin vibrators. Seventeen illustrations show 
typical installation. Syntron Co, 240 Lex 
ington Ave, Homer City, Penna 

Circle 344 on Reader Service Card 


SUBMINIATURE AIR-CONTROL 
VALVES—Bulletin 592, 12 pp. Contains 
specifications and performance information 
on valves 1 x 14 in. Cutaway view shows 


(continued on page 92) 
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Permit use of thinner materials 
Cannot strip and shake loose 
Installed and set from the same side 


Now you can easily and quickly fasten even 
.020 dead soft aluminum without distortion, 
fastener loosening, stripping, or surface marring. 
Also save over 50% on installed fastening costs. 

No other fastener equals the speed and con- 
venience of “POP” Rivets. Up to 1,000 an hour 
can be installed by unskilled help. They offer 
countless advantages in product design because 
they are installed and set from the same side. 
They need less than 5” clearance for back up 
space. Low head profile gives neater appearance 
without countersinking. 

Investigate ‘“‘POP”’ Rivets now for all kinds of 
sheet metal or plastic-to-metal fastening. ‘‘POP”’ 
Rivets are a new concept in fastening convenience 
for metal furniture, boats, trucks, trailers, appli- 
ances and houses, that justify your im- 
mediate investigation. Call or write us now. 


“POP” RIVET DIVISION 


UNITED SHOE MACHINERY CORPORATION 


SHELTON, CONN. 
REgent 5-339! 





POP RIVET 
CUNCHING MANDREL be 


SETTING TOOL 


eae. 
_ 
A BREAKS 


AND FALLS FREE 


How they work: 

“POP” Rivets cre ossembled on 
© precision-made high-tensile 
mondrel. Mondrel heed is 
drawn into reverse side of rivet 
from the front with o setting 
tool. Mandrel head brecks off 
under tension clinching the rivet. 
Work is squeezed by compres- 
sion-controtied radical expansion 


Enamel Chipping 
Eliminated, 

tighter joints, increased pro- 
duction speed, no stripping 
even on 24 gouge steel, and 
smoll back-up space, helped 
Boston Stove Foundry Company 
engineer Magee Ranges with 
POP” Rivets 


Convenience and speed 
reduce instoliction time on 
plastic or metal ownings, jolov- 
sies, gutters, downspouts, storm 
windows ond doors, building 
skin ond trim 
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in modern elastomers—both 
homogeneous and fabric- 
reinforced. V-Dam rings provide 
excellent sealing against high 
pressures, particularly in heavy 
duty applications. Long life and 
ability to withstand severe en- 
vironments means less down- 
time—iower maintenance costs. 


LINEAR—specialists inclose- 
tolerance molding in all of to- 
day's modern elastomers. . . to 
seal under virtually any severe 
environmental or operating 
conditions. 


The LINEAR engineer can help 


with all your sealing problems 
. call him, or write for further 
information. 


L iINEAR 


LINEAR In ATE ROAL 
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DESIGN LITERATURE 


valve action. Includes illustrations of each 
of 6 available valve actions, dimensional 
drawings, descriptions and JIC diagram 
for each valve action. Hunt Valve Cx 
Salem, Ohio 

Circle 345 on Reader Service Card 


STANDARD FLEXIBLE-SHAFT AS 
SEMBLIES—Catalog, 8 pp. Presents ove 
180 variations of flexible shaft assemblies 
produced from stock components. Gives 
dimensions and ratings. F W Stewart 
Corp, 4311-13 Ravenswood Ave, Chicag: 
13 

Circle 346 on Reader Service Card 


INSTRUMENTS FOR SWITCH 
BOARD USES—Catalog 4220, 24 pp 
Covers 13 types of switchboard instr 
ments, with descriptions, information on 
mechanism types, accuracy, scale length, 
rating, terminals, dimensions, weights 
ases and list prices. Roller-Smith Inc, 5 
Ave L, Newark 1, NJ 

Circle 347 on Reader Service Card 


STANDARD PLATE AND FACE 
CAMS—Catalog 900, 8 pp. Lists about 
100 standard units by stro} timing and 
load rating. Graphs rel stroke, min 
movement time and size of cam blank 
Discusses design, manufacturing process¢ 
pplication and installation. Ferguson Ma 
hine Corp of Ind, 7815 Mapk wood 
Industrial Court, St. Louis 

Circle 348 on Reader Service Card 


Bulletin GCEZ 


Describes adjustable “‘on 


PROCESS TIMERS 
+ pp 
time units. Includes features, application 
rmation, ratings, dimensions, pric: 
General Electric Co, Schenectady 5 
Circle 349 on Reader Service Card 


VARIABLE-SPEED SHEAVE — Bullet 


Pictures and describes static 


niable-speed sheave for stand 
Exploded view shows vari 
mponents I B Wood's Sons (¢ 
Chambersburg, Penna 
Circle 350 on Reader Service Card 


sons oo E CONVERTER S—Polder 
FFS-5, pp. Industrial torque-converters 
in 14 + and 16-in. sizes and optional 
equipment are described. Clark Equipment 
( Automotive Div, Jackson, Mich 
Circle 351 on Reader Service Card 


RACK -AND- PANEL CONNECTORS 
Brochure, 4 pp. Specifications and fea 
tures of connectors and coaxial cable t 
issist in proper selection. Schweber Ele 
tronics, 60 Herricks Rd, Mineola, NY 
Circle 352 on Reader Service Card 


PREDETERMINING COUNTERS 
Form 22 Describes and illus 


trates sili major types of mechanical 


and photoelectric count 

rs imcorporating predetermining feature 
eeder-Root Inc, Hartford 2 

Circle 353 on Reader Service Card 


TEFLON SHAFT SEAL—Bulletin $-23 
' rs design and characteristics of 
orrosive service. Crane Packing 
dept PI 6400 Oakton St, Morton 
I 
Circle 354 on Render Service Card 


HEATING ELEMENTS — Bulletin VG 


100, 4 pp. Presents representative sele 


ions from each line of electric heating 


ement ulcan Electric Co, 88 Holte 
St, Danvers, Mass 
Circle 355 on Reader Service Card 


PEROXYG EN CHEMICALS — Bulletin 
Lists titles 


bulletins covering suc! 


numbers and { 


roduct descriptions; propertic¢ 
metal treatments. Be 
Food Machinery and Chem 
Station B, Buffalo 7 
Circle 356 on Reader Service Card 


SAFETY-HEAD ASSEMBLIES—Catalog 
Contains dimensional informa 
ns of 64 safety-head assem 
with Baker rupture disks 
Equipment Co Inc, En 


Circle 357 on Reader Service Card 


SWITCHES, RELAYS, GRAVITY 

SENSING POTENTIOMETERS-—19¢ 

Presents actual-size ill 
ptions. ‘Typical app 
along with diagran 
of actuating mechan 
Lake and Grove St 


Circle 358 on Reader Service Cord 


REMOTE CONTROL SYSTEM—Br 
G features, dimensiot 
installation inform 
system for remot 
duplication. Hydroni 
Arnold, Detroit 39 
Circle 359 on Reader Service Card 


HLTEMP HYDRAULIC PUMPS AND 
MOTORS-—Brochure, 4 pp. Covers rat 
feat s and design of pumps and mx 
gh-temperature hydraulics sy 
Performance charts show effect of 
mperature on pump performance 
flow, full pressure and through 
rated speed for typic al pump 
Products Div, Borg-Warner 
+700 N Miles Rd, Bedford, Ohio 
Circle 360 on Reader Service Card 


SWITCHES—Condensed catalog and 


price list, 4 pp. Specifications, mounting 
information and diagrams, and dimensions 
of basic snap-action, enclosed snap-action 


continued on page 9 
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DESIGN LITERATURE 


continued 
foot, mercury and actuating 
Automation Controls Div, 
trols Co. 8072 


~- McC oT k 
Ii] 


switches. Pic 
General Con 
Blvd, Skokie 


Circle 361 on Reader Service Card 


PANEL 


> PP 


INSTRUMENTS—( 
Sper 


instruments 


atalog 
ind dimension of 


With 


ihcations 
pane] llustrations 
and ranges available. Triplett Ele 
Instrument Co, Bluffton, Ohi 


Circle 362 on Reader Service Card 


prices 


trical 


COMPRESSION-FORMED 
Bulletin SP-1, 4 pp 
fabric advantag rations 
performance of tubing formed by process 
that ID and OD, reducing wall 
thickness as length « tube i 


is increased 
Tubs Reducing ( PO Box 95 Pas 
saic, NJ] 


TUBING 
Disc ussces ck sign ind 


ation 


conhgu and 


controls 


Circle 363 on Reader Service Card 


ELECTRICAI 
0] + pp Descr 


and 


CONTACTS 


Pe nna 
Circle 364 on Reader Service Card 


mont 


MOTORS 
und S9 


ontain electrical and ph 


SECTIONALIZED 
ation sheets S900-7 
pp. © 
mation on sectionalized 
ynchronous fhp unidit mot 
Minneapolis-Honeywell, Wayn 
and Windrim Aves, Philadelphia 44 
Circle 365 on Reader Service Card 


pectively 


INDUSTRIAI 
n, 4 pp. Describes and ill 
Vire loth Include 
orderi ig ind 
Wire Cloth ( 
vark 4, NJ 
Circle 366 on Reader Service Card 


WIRE CLOTH—Bulk 
istrat : lin ; 
formation on 


anity 


LETTERHEAD REQUESTS ONLY 
Manufacturers 
ing lit 


who published 
asked that 


made on 


erature reques 
copies be 


heads. 


company 


RELAYS—Folder R 
Data sheets for 


ialty relays pr 


sheets 
spe 
information and sp 
Specialty 
nando Rd, Los Angeles 39 


Electronic 


CONTROLS AND MOTORS~—Bulletin 
IS-6013, 4 pp, in file folder. Des 
controls 


ribes 
and motors originally designed for 
machine 
for 


ind stopping 


vending 
controls 


ipplications, including 
mixing, measuring 
gulation of 
flow refrigerants and rotary or lateral mo 
Marketing Manager, Vending Ma 
chine Controls, Controls Co of Ameri 
Schiller Park, Il! 


starting 


plus automat 


tions 
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Selected art 
reprint 
g. As long as 
in US and Canada can 
of “P” numbers re 


by using one of th 


without 
Serv! 
Note 


within 60 days of 


prints 

Reader 
bound inside the back that 
the 


publication date. If more 


CoOVeT 
card must be used 


than one 


cop\ 
' 


, 


, 
is needed, see price lis 


Best Spring Material for High 
Temperature 
Superalloy 
ifter several 


1400 F. Jan 18 


gC od 1 I \ 
1 cveles at 11 and 
Circle P 30 


spring tavs 
I 


hund: 


When Fungi Attack Your Product 
These metals t 


orrode 


busy enemies cause 
frosted. el 


Jan 18 Circle P 29 


lenses t econ 


trical insulation to fai 


Fluids for Power and Control 
Practical guide to choosing 
sht hvdraulic fluid. Jan 18 


Circle P 28 


Critical nt of Stepped Shafts 
Equation pr time-saving way to 


find natural fr Jan 11 Circle P 2 


Cam Control Aids Planetary Gear 
How a grooved cam can assist in obtain 
wide variety of 


! I motion 


Jan 4 


output 
Circle P 26 


Reserve Strength in Metal Parts 
More help on how far 
Dec 2] 


you dare exce d 


the vield strengt! Circle P 25 


Multi-variable Experiments Simplified 
A tubular way to 
information from a 


Dec 21 


obtain maximum 


minimum of tests 


Circle P 24 


Engineering-aptitude Tests 
they? What the test 
and some warnings to the unwary 


Circle P 23 


How good ire 


ire like 
Nov 30 


High-temperature Reinforced Plastics 
How they behave 
ICC tvle ne 


Nov 23 


inder plasma jet oxy 
torch and rocket-engine exhaust 


Circle P 22 


Mechanical Reliability 
Mathemat 
ings, gears and rivets as they 


apacitors Nov 16 


: . 
il tools as applicable to bear 
are to vacuum 


Circle P 21 


tubes or « 


on page 95 


LINEAR 


in Viton A, Vyram, Polyurethane, 
and other unusual elastomeric 
materials having excellent re- 
sistance to many petroleum oils, 
synthetic lubricants, fuels, 
phosphate and silicate ester 
fluids—in a temperature range 
of —40° to + 500°F 


LINEAR—specialists in close- 
tolerance molding in al! of to- 
day's modern polymers .. . in 
both fabric reinforced and 
homogeneous materials. 


These are low friction seals. For 
further help, call the LiINnEAR 
engineer. 


z BRR 


L iNEAR 
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you 
don’t worry 
about 
pressure 
extremes 


The Mullen Burst Test, being run here at our lab in 
Buena Vista, Virgina, is the yardstick to determine mazi- 
mum resistance to burst to make certain the material 
conforms to specifications. 


with Reeves 
Vulcan Diaphragms 


One of the numerous inspections in our system of 
quality control is the Mullen Burst Test. This inspection 
is used on every roll of coated fabric before it is shipped 
or made into diaphragms. 

From the gross psi readings of this test, we can assure 
you that Reeves Vulcan Diaphragms will safely withstand 
the pressures listed in our specifications. 

You name the application-we'll 

supply the right diaphragm or 

diaphragm material for your ULCAN 
specific needs. For prompt egusser proouct 
action, call or write us today. Sr ae 
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a low-cost source 
of metal fabricating? 


Two large, well equipped plants at Aurora, 
Ill. and York, Pa. geared to economical 
production. Experienced in handling thou- 
sands of special items... products, parts, sub- 
assemblies, merchandising units, made to 


your specifications. 
Modern equipment 
includes coil steel slit- 
ting, leveling and 
edging, press work, ali 
types of welding, elec- 
trostatic finishing. 
Sound design and en- 
gineering counsel. 


Send for 
16-Page Booklet 


it tells All! 


| LYON METAL PRODUCTS, INC. 


General Offices, 182 Monroe Avenue, Aurora, Illinois 
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Bab Alaelalsalk-sabe- th 
Od ar: teak ek 1 a 


FOR CONTROLLED ATMOSPHERIC CONDITIONS 


Temperature - 


Free! 


28-Page Brochure on 
Environmental Chambers 


it’s one of the most helpful bro 
chures ever published for users of 
environmental chambers and iow 
temperature freezers 


WRITE FOR YOUR COPY TODAY! 


Altitude - Humidity 


A FEW APPLICATIONS 


Aging of Steel 
Aluminum Storage 
Metal Hardening 
Nuclear Radiation Testing 
Research and Production 
Shrink-fitting of Parts 
Rivet Storage 
Stabilization of Steels 
Simulated Atmospheric Conditions 
Therma! Shock Tests 
Tool Stee! Treatment 


Temperature 225° F. to 1000° F 
Any temperature desired in this range 
Altitude 0 to 500,000 ft 
Humidity 20% to 95% 
Capacity Any size for any applicatior 


WEBBER MANUFACTURING CO., INC. 


P. O. Box 217A ®@ Indianapolis 6, Ind. 
Phone: MElrose 2-1378 
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CURRENT REPRINTS . .continued 


Reinforced-plastic Sorings 
Leaf springs from epoxy laminates can 
outperform steel. Nov 9 Circle P 20 


SELF-ALIGNING 
Latest Trend in Bolt Threads SLEEVE TYPE 


Root radius is getting larger—75% BEARINGS 


threads now; 55% threads a_ possibility 
Nov 9 Circle P 19 


18 Ways to Control Gear Backlash 


This roundup includes latest devices for } STANDARDA 
answering a chronic problem. Oct 26 OR 


Circle P 18 @SPECIAL 


Routine or unusual — lec us help with your 


: : bearing or bearing mounti roblems. 20 
Pressure Drops in Pneumatic Systems — ya Lnktins abe ype 


New method predicts losses when com quality bearings at low cost to leading 
} 


+ * - mechanical uipment manufacturers. 
ponents are in series. Oct 26 Circle P 1 — 


Yardsticks for Research Success 


Equations and procedures used to gage moking our products better 
the future of a product. Oct 19 today . . . so yours may be 
Circle P 16 c better tomorrow. 


TRIANGLE eae 


8 Steps to better Engineering Writing MANUFACTURING COMPANY Bit tcata tr ttele 


This eight part report appeared in serial jou DIVISION ST. © OSHKOSH, WISCONSIN 
form from Sep 7 to Oct 26. Circle P 15 


3 Steps to a Battery-powered Motor CIRCLE 210 ON READER SERVICE CARD 
Electric auto is example—how to choos: 
the best motor for the load. Oct 12 
Circle P 14 


ecco 
Closer Look at Cast Iron Ph 


For predicting service performance, look 


at the microstructures. Oct 9 P13 MINIATURE 
INDUSTRIAL 


Planetary Drive Run by Rollers j iiS¥ 60 


Replacing gear drive cuts noise and QUALITY ss " : ONG 


vibration in fast planetary system. Oct 12 
Circle P 12 SOLENOIDS . 


Molding with Polyester Premixes 
A different design approach is necessary 


with these seinfored plastics. Oct 12 MULTI-MILLION CYCLE 
ee PERFORMANCE! 


QUANTITY PRICES The DECCO 01 and 02 series, miniature sole- 

For single shipments of any one title to noids have the same quality and performance 

one address on order accompanied by re- | standards as the well known standard size 
| 


; 
: 


mittance, quantity orders will be supplied DECCO solenoids. 


at the following prices as long as the sup From silicon steel laminations to new, thirty- 
ply lasts. | second coil replacement feature they incorpo- 
Quantity Price per Copy rate the best in quality and engineering. 
- $0.25 | 
0.20 If you have a miniature solenoid application, 
the DECCO “0” series is the answer. Write for 


° 9.15 bulletin #581 for complete details. 


100 Write for quotation 
Make checks payable to PRODUCT 
ENGINEERING, 330 West 42nd St, 
New York 36, NY —— * Ferndale 20, Mich 


(continued on page 96) 
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Pressure ba/anced 


for effic /eficy 


The application of discharge pressure 
to the bearings as shown creates an 
optimum counter balancing thrust to- 
ward the gear faces which controls 
leakage and wear. 

This feature permits operation with 
voiumetric efficiencies in excess of 
90%. Pump sizes from % to 60 GPM in 
15 models with pressures to 2500 PSI. 
Also available as gear motors with 
outputs to 25 HP. 


DOWwTY 


Hydraulic Gear Pumps 


Truly a 
handful of 
efficient 
power 
offered by 


HYDRAULIC Y 


A DIVISION OF THE OLIVER TYRONE CORPORATION 











MAIL FOR APPLICATION DATA 


Berry Hydraulics 
2226 Oliver Building, Pittsburgh 22, Pa. 


Name 
Company 


Address 


96 CIRCLE 96 ON READER SERVICE CARD 


SPECIAL REPORTS 


In the event that you missed some 


| of the Special Reports that appeared in 
| PRODUCT 
| here is a list of those still available 


ENGINEERING recently, 
You 


may obtain any four for $1. Please enclose 
remittance with your order 


Fiberglass-reinforced Plastic 
Molded Parts 

7 key processes 
their strong and weak points—and shows 


described. Explains 


how one or the other becomes the logical | 


choice in most commercial volume appli 
cations R 28 
THE NOR-building Block for Logic 
Circuits 

Simple multiple-input electrical 
be combined with other devices to 


R 27 


can 
perform logic functions 


Design of External Shoe Brakes 
New equations and coefficients provide 


a cook-book recipe R 26 


Cast Epoxies Give Time-saving Models | 
(12/21/59) 
A discussion on how these plastics will 


R 25 | 


give shortcut prototypes 


Selecting the Right Electrical Connection 
(12/7/59) 

This special report compares all types 
permanent and separate R 24 


Structural Models (10/26/59) 

In three parts: 1—Theory of Similitude; 
II—Building the Better Model; I1I—The 
Model at Work R 23 


Engineering Organization in Transition 
(5/11/59) 

Study of some 50 organizations showing 
their latest setups, reasons for changes, 
budgeting, titles and ratios of engineers to 
total company employment R 22 


The Engineer's Bookshelf (New— 
(3/30/59) 

Detailed bibliography of technical books 
for the design engineer. Handbooks, texts 
(22 subject classifications), bibliographies, 


R 21 


library references and periodicals. 


Designing with Swivel Joints 

How to choose between swivels and flex 
ible hose; how to select the proper type 
or combination of joints, and calculate 


R 20 


pressure loss 


Sandwich Panel Materials 

Selection guide for core materials, fac 
ings and adhesives—presented in tabular 
Core vegetable, 
mineral and plastic in solid, honeycomb 
and foam. Data on facings, cover metal, 
wood and plastic. Adhesives table 
properties for the 14 most widely used 


R 18 


form materials include 


lists 


relay 





EMPLOYMENT 
OPPORTUNITIES 


DISPLAYED RATE 
The advertising rate is $37.00, effective 
January, 1960 per inch for all advertising 
appearing on other than contract basis 
Frequency rates quoted on request 


UNDISPLAYED RATE 
$2.10 per line, 
Wanted 


minimum 3 lines. Position 
ads in this style % the above 
rate. To figure advanced payment count 6 
average words to a line 








PRODUCT ENGINEER 
($15,000 PER YEAR) 

Man about 30 with a degree in Electrical Engi- 
neering to handle advanced project scientific and 
communications data. No previous supervisory ex- 
perience necessary. Company client assumes all 
employment expense 

ESQUIRE PERSONNEL SERVICE, INC. 
202 South State St Chicago 4, ill 








Need Engineers 7 
Contact them through this 


EMPLOYMENT OPPORTUNITIES Section 


The biggest step in 

business ... the short 
distance from the 
middle to the top 


Companies are still canvassing col- 
leges like crazy for bright young 
engineers ana technologists . . . 

But what about the man with 
ten or more years invested in his 
company? Here he is, ready to take 
on heavier responsibility. How 
much longer must he wait? 

Upstairs in his company, man- 
agement will tell you their biggest 
job is finding new top talent. And 
what they are seeking most in a 
man is something more than just 
his proficiency in his post. 

They're seeking an alertness to 
all phases of the business .. . long 
range planning, policy-making, new 
product development and research 
... breadth as well as depth. 

The men who edit this particular 
McGraw-Hill publication for you, 
recognized this responsibility long 
ago. They answer it in these pages. 
Here, is the perspective you need 
to push ahead. And as you read, 
keep reaching, for . . . 

Men who read more...earn more! 
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KOHLER ENGINES 


Reliable power for 
quality equipment 


The name KOHLER, recognized and respected the 
world over as a mark of value, is your assurance of un- 
divided responsibility and top performance. 

Kohler engines are rugged, quick-starting in all 
weather, conservatively rated. Short stroke design gives 
maximum usable power, cuts engine friction. 

Sold and serviced through a nation-wide organization, 
Kohler engines are increasingly being installed on a wide 

MODEL variety of construction, agricultural and industrial 

K161 ’ j equipment. They power Kohler electric plants, known 

everywhere for reliability. 

4-cycle Kohler Co. has manufactured internal combustion en- 
Short stroke gines for 40 years. 

FROM 4 TO 24 H.P. Write for illustrated booklet. 
Air-cooled 


Kouter Co. Established 1873 Kon ier, Wis. 


KOHLER or KOHLER 


ENAMELED IRON AND VITREOUS CHINA PLUMBING FIXTURES « BRASS FITTINGS « ELECTRIC PLANTS « AIR-COOLED ENGINES « PRECIS'ON CONTROLS 
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e your 

insulation anc 
permeability 

problems with 


qD*. 


Stoner’s SMR has broken through 
the thermal sealant barrier that 
has faced the missile and rocket 
industry for many years. 

The varied shapes and forms that 
this versatile material has taken 
includes: chamber sealants; liners; 
insulation for head closures; high 
temperature insulation; prefab- 
ricated proofed sleeves and 
bladders, as well as other 
critical applications for rocket 
components 

SMR is also being used to advan- 
tage in plastic molding compounds 
and pre-preged laminates. 

“SMR is a special Silicone Modified 


Rubber produced by Stoner Rubber 
Company, inc. 


Photo of Rocket Chamber courtesy of 
Aerojet-General Corporation 





SMR PROVIDES A TOUGH FREE IDEA CATALOG. 
THERMAL LINER AND Technical information on 
RELIABLE SEALANT FOR SMR and other Stoner 
MISSILE AND ROCKET products in this 24 page 
CHAMBERS. This unique catalog will heip you 
rubber has exceptional solve your rubber 
high bond chm at problems 

elevated temperatures 


A subsidiary of ten 
CARLISLE CORPORATION 


TONER RUBBER 
COMPANY, INC. 


10792 Knott Ave. Anaheim, California 
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INDEX OF PRODUCTS 


ADVERTISED IN THIS ISSUE 








Accumulators 

Amplifiers 

Assemblies 
Hydraulic 
Pneumatic 


Balls 

Bars 
Metal ... 

Bearings 
Ball ... 
Miniature 
Needle 
Roller 
Sleeve 

Boosters 

Bushings 


Carbon 
Closures 
Clutches 
Mechanical 
Coatings 
Connectors 


Tube .. 
Contro! Motors 
Controls 

Electrical 

Mechanical 

Pneumatic 
Couplings 

ose 

Hydraulic 

Tube .. 
Cylinders 

Hydraulic 

Pneumatic 


Diaphragms 
Die Castings 
Drafting 
Supplies 
Drives 
Shaft-Mounted 
Variable Speed 


Engineering Services (see also Production 

Services) 20 
Engines ‘ ° ‘ owes. 2a 
Expanded ‘Metals jasee _— 


F 


Fabricated Steel (see Sheet Fabri- 
cated, Weldments) 

Fabrics, Coated 

Fastening Methods 34, 

Fittings, Hose, Pipe & Tube..21, 3 


Forgings 


Gaskets 
Gears 
Graphite 


2nd Cover, 2. 
10-11 
H 


Heating Units 
High Temperature Alloys... ‘ oe) 


Insulation 


M 


Metal Forming 
Moldings 
Powdered Metal (see Powdered 
Metal Parts) 
Rubber (see Rubber Parts) 
Motor Reducers (see also Gear 
Motors) 
Motors, A-C 
Sub-Fractiona! 
Motors, D-C 
Sub-Fractional 
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Packings 
Photographic Squipment 
Film 
Plugs >. 
Powdered Metal Parts 
Production Services (see also 
Engineering Services) 
Pumps 
Liquid 


Relays 
Reproduction Supplies. 
Rivets 
Rubber 


Rubber Parts 3rd Cover 


s 


Seals 3rd Cover, 87, 88, 92-93, 99 
Seating Work Equipment. 80 
Sheet Fabricated eis . 
Sheets 

Metal pada ir @& 
Shims . (endesace oss oe 
Solenoids 95 
Speciality Fasteners (Pipe Hangers, 

Special Cold Headed Parts, etc.). 34 
Speed increasers & Reducers 2nd oa 


Stampings 
Steel 
Alloy 
Carbon 
Stainless 
Strip, Metallic 
Switches 


T 


Testing Machines & Seepmont 
Timers : 
Tools . 
Tube Fabricating | 
Tubes 
Tubing 

Seamless 


Valves 
Air .. 
Hydraulic 
Solenoid 


Weldments 
Wire 
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DURA 
SEAL 


means 


VERSATILITY 


in mechanical sealing 


Dura Seal is the most extensive line 
of mechanical seals offered to industry 
today ... meeting a wider range of 
pressures, temperatures and liquids. 


Dura Seal is backed by 25 years of 
experience in the successful sealing 
of corrosive, volatile and abrasive 
conditions. 





There is a right 
type and design of 
Dura Seal to meet 
your problem. 














For further details, write for 
free copy of Catalog No. 4800G 


DURAMETALLIC CORPORATION 
KALAMAZOO, MICHIGAN 


CIRCLE 99 ON READER SERVICE CARD 9 























ACIPCO 50-FT. MANDREL 
GIVES LONGER LIFE 
IN EXACTING APPLICATION 


Completely fabricated and machined by ACIPCO, this 
50-foot mandrel is giving longer, more durable service to 
an outstanding producer cf power transmission poles, light 
standards, and other similar equipment. These products are 
produced by hydraulically forming steel plate around the mandrel. 
Type 4330 alloy steel, heat treated to 300 minimum Brinell 
hardness for wear resistance and strength, was selected for this 
application. The mandrel—consisting of four ACIPCO centrifugally 
spun tubes threaded and screwed together—is 24” in diameter with a 
3” wall and is provided with a 0°20'20” taper from end to end. The O. D. 
is finish machined and belt polished to a 125 micro-inch finish to facilitate 
stripping the poles from the mandrel. 
This is another example of ACIPCO versatility in action . . . of 
how ACIPCO’S wide range of sizes and analyses, and ‘one source—from 
start to finish” facilities can solve a complicated steel tubing 
problem, including YOURS! 


/\ GEPCO 


SPECIAL PRODUCTS 


DIVISION OF AMERICAN CAST IRON PIPE CO. 
U4, BIRMINGHAM + ALABAMA 
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USE THESE CONVENIENT CARDS FOR A 


EDITORIAL REPRINTS AVAILABLE 


(Single reprint free — quantity prices and descriptions on page 93) 


P11—MOLDING WITH POLYESTER PRE- 
MIXES—10/12/59 

P12—PLANETARY DRIVE 
ROLLERS—10/12/59 

P13—-CLOSER LOOK AT CAST IRON— 
10/12/59 

P14—3 STEPS TO A BATTERY-POWERED 
MOTOR—10/12/59 


PIS—8 STEPS TO BETTER ENGINEER- 
ING WRITING—9/7—10/26 


PI6é—YARDSTICKS FOR RESEARCH 
SUCCESS—10/19 


PI7—18 WAYS TO CONTROL GEAR 
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P18——-PRESSURE LOSSES IN PNEUMATIC 
SYSTEMS—10/26 


PI19—LATEST TREND IN BOLT THREADS 
—11/9 


P20—-REINFORCED PLASTIC SPRINGS 
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P21—MECHANICAL RELIABILITY— 
11/16 


P22—HIGH-TEMPERATURE REIN- 
FORCED PLASTICS—11/23 


P23—ENGINEERING APTITUDE 
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P24—MULTI-VARIABLE EXPERIMENTS 
SIMPLIFIED—12/21 
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Please print or 


Name 


Company 


Street 


DON'T BE LOW MAN ON THE 


ROUTING LIST! 


Have your own personal subscription to PRODUCT ENGINEERING sent each week 
to your office or home. You are then sure that you won't miss a single weekly issue 


Further, each year of your subscription you will have your copy of the annual, 
thick Design Digest issue to read and refer to for years to come. 


1 year—$5 


Payment enclosed 


Bill me 


U.S. only*| 


2 years—$8 


*Canada 
1 year—$7 


2 years—$12 
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P30—BEST SPRING MATERIAL FOR 
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145 Teflon 


‘ 
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PRODUCTION 
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Variable-speed Sheave 
Wood's Sons Co 


8 pp, 7 


Torque Converters, 4 Olark 


vP 


Equipment Co 


MECHANICAL PARTS 


342—Hermetic and Protective Enclosures 


32 pp, Automatic Electrie Co 


Standard Plate 
PP 
Teflon Shaft 
Packing Co 


and Face Cams, & 


Ferguson Machine Corp of Ind 


14 Seal, 4 Cran 


pp. 


MOTORS, ENGINES AND CONTROLS 


159-—Remote Control System, 4 pp, Hy 


dronic Corp. 
Oo 


Motors 
M inneapolis-Honeywell 


Sectionalized 6 and 4 pp 


ELECTRICAL, ELECTRONIC 


COMPONENTS 
341 Insulated 


Mineral Thermocouples, 


20 pp, Conax Corp 
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>TORS, ENGINES AND CONTROLS 


HYDRAULIC, PNEUMATI 1PM 
ELECTRICAL, ELECTRONIC SRS Cpe 


COMPONENTS 
NON-METALLIC MATERIALS, FINISHE 
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343 358 
344 359 374 
330 345 360 375 








"MULTIPLE PRODI 
Key No Specific P 


ELECTRICAL, ELECTRONIC 
COMPONENTS 
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33 344 34 
332 347 367 
333 348 
334 349 
335 35 

336 35 

337 352 
338 353 
339 54 
340 355 
341 356 
342 357 
343 358 
344 359 
345 36 
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HYDRAULIC, PNEUMATIC EQUIPMENT 





45--Subminiature Ai 


12 pp, Hunt Valve 


Safety-head Asseml 


Pressure Kquipment 


360-—Hi-tempt Hydraulic P 


tors, 4 pp, Borg-Wa 
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POSITIVE SEALING UNDER ALL CONDITIONS LOW FRICTION INSTALLATION—is made possi- 
The MR QUAD-RING gives superior sealing in ble because of the exclusive quadrilateral design 
reciprocating, rotary, and static applications at This permits much higher rotary speeds and gives 
pressures ranging from 0 on up the seal much longer life 
HIGH DENSITY INJECTION MOLDED—AIl QUAD- 
RINGS are molded by MR’s exclusive injection 


molding process to give an exceedingly dense 


ELIMINATES ALL SPIRAL TWIST FAILURE— This 
costly cause of O-ring failure is eliminated be 
cause the relatively square cross-section of the 


QUAD-RING will not roll 


product. There are no voids to cause seal failure 


RUBBER COMPOUNDS TO FIT APPLICATIONS 


MR compounds are designed to give the best 
double the sealing effectiveness of the O-ring be possible service, using basic polymers such 


FOUR FLEXIBLE SEALING SURFACES—gives 
cause of the exclusive seal design. It prevents natural or synthetic rubber, silicone or any other 


leakage and requires less squeeze. that will perform best under the specific conditions 


FOR MORE INFORMATION AND 
COPY OF THE QUAD-RING APPLICATION 
AND INSTALLATION HANDBOOK ... 
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The Toledo Pipe Threading Machine ” 
Company's compact No. 999 pipe and ¢ ; ‘ Bridgeport Machines Inc. 
bolt machine features instant change from provides Cutier-Hammer 
cutting to threading, quick-change die heads - Three-Star Motor Control 
Cutler-Hammer Motor Control is supplied as standard original equip- 
as Original equipment ment on their highly versatile 
Turret Milling Machines, 
which will mill, drill and bore, 
and, with attachments, will 
cherry, trace, and right 
engle mill 


Choice of 
the leaders 
ihe .. the mark 


of better 
~ , rill 
machines The Buflalo Forge Company's #15 Ori 


rigidity for high volume production 


Cutler-Hammer Motor Control is installed 
as original equipment 


A fine machine performs at 
its best when Cutler-Hammer 
Control directs and protects 
it. Cutler-Hammer Control 
installs easier, works better, 
lasts longer. For prompt at- 
tention to your control re- 
quirements write Dept. 
A249, Cutler-Hammer inc., 
Milwaukee 1, Wisconsin. 


The Gisholt Machine Company's MASTERLINE 41 Soddle Type 
High Production Turret Lathe shown above is equipped with Cutler-Hammer Control 
Precise motor control simplifies machining of 21” vee-belt sheaves in two operations 


CUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wis. © Division: Airborne Instruments Laboratory. © Subsidiory: Cutler-Hammer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation. 
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